Las —T * _— 


THE YOUNG 


GENTLEMAN and LADY's 


Ss TT RON O26 


* 


A 


THE YOUNG 
GENTLEMAN AN D LADY's 
* PE 
A8 TRX O0: M YT; 
FAMILIARLY EXPLAINED 


IN TEN DIALOGUES 


BETWEEN 


NEANDER and EUDOSIA. 
TO WHICH is ADDED, 


THE DESCRIPTION AND USE OF THE 


GLOBES any ARMILLARY SPHERE. 


— 


ILLUSTRATED WITH COPPER PLATES, 
THE SEVENTH EDITION. 


2 


BY JAMES FERGUSON, F. R. 8. 


The works of the korb are great, ſought out of all them that 
have pleaſure therein. Pſal. cxi. v. 2. 


— DR ISPS WED Sn on 


DUBLIN: 


PRINTED FOR WILLIAM JONES, NO. 86, DAME-STREET. 
I 792, 


oP 
_ * " 
” = 
} -& , : 
- 0 * 
. | 
| 
* * 1 . 
= 
Wy * 1 
8 . 
% = 
9 - 
* © N N P 4 
. — 
* s * 
- 
- 
1 - . * 4 a 
. * 0 
: : 
* 4 . - . 
o | as | : N : — o? 
Z , : - = 0 
1 1 . P 
j _- | : . 
. 6 : : : , a 
: - 
* - : | - [ . , 
py . : 
7 4 2 | 
l " 
: : : : 
4 : „ 11 
LU © : 
4 a 
- 
C 
1 . o 
* . ” | * 
. „ 
, — 9 
* - o 
— 8 £ 
' yon 
8 = * * ad 
— 4 , 
. 5 a 
124 * 
* ” — wt . : 
- 
, * — — % 
— * * = 
- ; - * — — 
—5 0 
= ” 
WAH * Y 9 
- 
- di. 1 — 
—— 
4 | 
1 


1 ye 1 9» — . K . _——_ 


Advertiſement. 


Tun deſign of the following Trea- 


tiſe is to ſhew, that Young Gentle- 


men and Ladies may acquire a compe- 
tent knowledge of Aſtronomy, without 
any previous knowledge of Geometry 
or Mathematics. How far the Author 
has ſucceeded in this, is left to the judg- 
ment and deciſion of his impartial Read- 
ers; to whom, if his labours be agree- 
able and inſtructive, the purpoſe for 
which he wrote will be fully anſwered. 
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o THE MOTION, FIGURE, AND DIMENSIONS OF 
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G morrow filter; this is an early 
viſit .I have thought, for theſe few days 
ſince I came home, that you are anxious 
about ſomething or aber. Pray, may 1 aſk 
what, it, is? 1 RE 
Eudaſia. Indeed, beother, 1am, —but am 
almoſt afraid to tell you what it is. 5 
88 N. Then 


4 
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N. Then you muſt think me much 
changed ſince I went to CammrIDGe. You 
know I always loyed and eſteemed you, 


on account of the goodneſs of your heart, 


which ſhone forth with the greateſt luſtre 
in the whole! of your deportment —T am 
ſtill the ſame as before, excepting the im- 
provement I have made at that famous uni- 
verſity; where, not only the ſublime ſci- 


ences are taught by the greateſt maſters, 


but the truths of the Chriſtian religion 
proved in the lectures which I have con- 
ſtantly attended. ou know that you and 
I uſed to con verſe fatniliatly before I went 
thither: let us do ſo ſtill. 

E. Dear brother, I cannot expreſs how 
much you oblige me by this behaviour.— 
I was afraid before to tell you my mind; 
but now I will, eſpecially as you are to be 
here for ſome conſiderable time before you 
ſet out upon your travels. What I want 
to learn of you cannot t be done, T believe, 
time; and KT. oth you may think me too 
vain, in wanting to know what the bulk 
of mankind Think out - have no brifineſs 
with. | on 
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N. Pray, 'Evnos A, what is that? - 
E It is nothing leſs than to be in ſome 
meaſure acquainted with the ſublime ſei- 
ence of Aſtronomy; for I have been told 
that of all others, it is the beſt for enlarg- 
ing our minds, and filling them with the 
moſt noble ideas of the GR RAT CREATOR 
and his works; and conſequently of draw- 
ing us nearer to Him, with an humble 
ſenſe of our own meanneſs; and of every 
thing that the greatelt art t of man cam por- 
form. 

N. Indeed, ſiſter, han 2 you ſo, 
told, you a great truth; and I am very glad 
to find you have an inclination to learn the 
moſt ſublime ſeiencę that ever was taught 
by mankind. | 

E But ſhall I not be laughed at n __ 
tempting to learn what men ſay is fit only 
for men to. know ? 

N. Never, by any man ahh thinks 
right; and 1 hope you are above- minding, 
what thoſe ſay who think wrong. 

E. Now, let me ſpeak: freely.— I have 
been told aſtronomers pretend that the ſun 
ſtands ſtil; and that the earth turns round. 
What do you ſay to this?—1 know you 

| B 2 honour 
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honour the Bible, and it aſſerts the con- 
trary. Now, I ſee ſo many things in that 
Book which appear to me to be above all 
the powers of human compoſition, and 
carry ſuch evident marks of divinity with 
them, as are ſufficient to convince me that 
they could proceed from none but Gop: 
and therefore, 1 had much rather baulk 
all my inclinations to learning, than learn 


any thing that would prejudice my mind 


againſt the Bible. 
N. Dear ſiſter, I admire the goodneſs of 


vyour heart —You-may depend upon it, that 


the ſtudy of aſtronomy will never have the 


teaſt tendency towards prejudicing your 


mind againſt the Scriptures.— Vou know 
that we cannot take every thing there in 
the ſtrict literal ſenſe. If we did, we ſhould 
believe that Our Saviour was actually a 
vine at one time, a door at another, and 
at a third time a lamb. The Scriptures 
were given us, to teach us what we ſhould 
believe, and how we ſhould behave, in 
order to attain and ſecure to ourſelves the 
favour of our Maker here, and our per- 
petual felicity hereafter; which are things 


- infinitely more intereſting to us than all 


: other 


— — — — 
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other knowledge and wealth in the world. 
— They ſpeak according to the common 
apprehenſions of mankind, in thoſe points 
which are merely ſpeculative, and have no 
direct tendency to influence our morals; 
and, as they never were intended to in- 
ſtruct us in experimental philoſophy, or 
aſtronomy, or in any thing elſe that we 
could acquire by our own: induſtry without 
them, nothing that regards theſe ſciences 
can either be deduced or | inferred from 
them. One might with as good reaſon 
take up a law- book and expect to find a 
ſyſtem of geography in it, as take up the 
bible with a view to 1 a ſyſtem of — 
nomy therein. 

E. What you have aid is e and 
juſt ; and now, if you pleaſe, J ſhould 
be glad to enter upon our intended fub- 
ject.— If the ſun does not move, pray, to 
what is he fixed? and what hinders: him 
from falling down to the earth, when he 
is ſo high above it, nnn at . ndon in 
ſummer? | | 

N. Higb and low are a 5 5 terms 4 ; 
for, when the ſun is at his loweſt depreſ- 


ſion with reſpect to us, he is directly; over- 
head 
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head to ſome other part of the earth; for 
the eatth is round like a globe, and on 
Whatever part of its ſurface a perſon ſtands 
upright, be thinks himſelf to be on the 
uppermoſt fide; and wonners how any one 
ean ſtand directly oppoſite to him, on the 
undermoſt ſide bf the earth; or rather, 
how he can hang to it, with his head 
= and en . to e lower 
n That is W 1 habe . od 
at, when T have heard it affirmed that the 
earth is habitable on all ſides; or that Where 
towyns cantot be built, ſhips may ſail. How 
eomes it to paſs, that the weight of a ſhip 
cauſeth it not to fall off from the lower 
ſeas; or that theſe ſhips and ſeas do not fall 

bif to tlle lower ſky altageth er? 
M. What we call weight is cauſed by at- 
rota attracts all':boflies' on 
or nem its ſurface, towards its center, 
equally on all ſides, every particle of mat- 
tor anke; and therefore thoſe bodies which 
contain the greateſt number of particles of 
matter, acquire from this attractian the 
greateſt and moſt forcible preſſure; and 
conſequently have (what we call) the 
greateſt 
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greateſt weight. The earth may be com. 
pared to a>great»rounth loadſtone rolled in 
filings of iron, which attracts! equally on 
all ſides; ſo that they cannot fall off even 
from its undermoſt ſide: nay, it will take 
them up from a table, if they be within 
the ſphere of its attraction.— By and by, 
vou ſhallo be ſatisſtied with reſpedt OI 
oy about the fun 
E. 80 far I underſtand you very well; 

but ſtill it ſeems odd to me that people 
ſhould ſtand oppoſite to us on the earth 
withbtheir heads dowu war. 
VN. I believe iti does; but your know, 
that either the ſun muſt go round the 
earth to give us days and nights, or the 
earth muſt turn round dike a globe ors its 
uxis to do ſor and will not either of :theſe 
motions anſwer the intended purpoſe ? 
241 E:Undoubtedly" 2 wilt: 00 agg 
_ 2 NiNow as'Þ have no mind to- deteive 

you, and ſhall in due time prove every 
thing that I advance, «(even to (your own 
fatis faction; I do fay;! that ther ſaw does 
not move round>therearthrevery itwenty- 
four hours, but that the earth turns round 
* twenty-four hotis : and as the ſun can 

ä only 
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.only enlighten one half of the earth at 


any given inſtant af time; and the other 
half muſt then be in the dark; this mo- 
tion of the carth will, cauſe the different 
Places on its ſurface to revolve through 
the light and the dark in twenty: four 
hours in Which time, of courſe, they 
muſt have a day and à night: andi at the 
inſtant when it is mid-day' at one place, 
it muſt be mid-night at the oppoſite. 
Da ou believe what ſay: with reſped to 
tho earth turning rauud dj 
E. I do, bechuſe Lamb fully ſatisfied i that 
yon would not, willingly decci de me; 
and you have promiſed) toy iprore that 1 
does. 231%; 1. bn enab en 9942 et 80 
Then, be ipleaſed-: to Rand. up for. a 
minute It is how ſeven o lock in the 
morning, and vou think you are ſtanding 
upright, on the uppermoſt ſide of the 
earth H-” wilk.thiok! the: ſame/ if you 
tand upright at ſeven clock in the even- 
ing; when the earth has turned half round 
becauſe} yow wilt then perctiven no differ- 
ence of poſture: and yet, at that time, 
vou will be very nearly in the fame poſi- 
tion as a perſon mis juſt now. Who ſtands 
 vino on 
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on the ſide of the cürth oppoſite to us: 
which perſon being as ſtrongly attracted 
by the earth there, towards its center, as 
we are hete, he is in no more danger of 
falling off downward. than we are at pre- 
an of falling upward. 11011 

E. Pardon me, ſir, if you had not been 
at the univerſity, I ſhould have thought 
Falling upward a very improper expreſſion. 

N. So it is; and I do aſſure you that 1 
never! heard ſuch an expreſſion at the uni- 
verſity. nor do I remember ever to have 
uſed it before. But, to proceed. 

U and doum are only relative aarnde 
Let us be on what, part of the earth we 
will, we call it up toward the ſxy over our 
heads; and down- toward the center ef the 
earth, to which all terreſtrial bodies would 
fall, by the power of the .carth's attrac- 
tion. o that, with regard to open ſpace 
what; is up from. any given point of the 
earth's. ſurface, is daun from the oppoſite 
point thereof. And as the ſky ſutrounds 
the Whole carth, we call it 2 end. the 


| E. Then, 


- — EI. — _ _ 
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E. Then, to be ſure, we can pereeive 
no difference, as to your poſition at dif- 
ferent times of the day. You have quite 


fatisfied me in this: but, pray, how can 


the carth move, and we not Ret its mo- 
tion? 7 | 
N. I heard you were at Plymouth laſt 
year; had you not then the curioſity to 
go 2 t = the m erge- or at 
0B Ab boom) An A vor nn Ducts 
with a fmall party of gentlemen and 
ladies. Mr. Fultuner, who was then maſtet 
of the Belleifle, happened to be on path 


and obſerving that we were ſtrangers, he 


moſt politely invited us to ſee his ſhip, 
which was then lying with many others 
in the Hambaze. We moſt willingly ac- 
cepted his invitation, and be took us all 
out! in his boat ; ſhewed us firſt into the 
cabin” of the ſhip,” and, as it was in the 
afternoon; he genteelly treated the gentle- 
men with wine, and the ladies with tea; 
after which, he ſhewed us the whole in- 
fide” of his ſhip of war. The way that 
the diſffetent apartments are laid out, eſ- 
pecially the powder-magazine, and how 

| it 
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it is ſecured from being dangerous; the 
method of ſteering the helm, and many 
other things which I cannot weil remem- 
ber, wasa ſight not only highly entertain- 
ing, but greatly ſurpriſing; and Þ could 
not help wondering how uit was poſſibie 
for the art of man to contrive and build 
ſuch a wondrous huge machine, and how 
it could be edge g — 
the pathleſs ſeas. a 

VN. It is furprifing indeed! bei lim. 
finitely more ſo is the power and ſhall of 
the GR BAT CREATOR of the univerſe, Who 
has made ſuch prodigious bodies as the 
planets of our ſyſtem are (one of which 
is a thouſand times as big as our earth) 
and has ſet them off in the trackleſs ſpact 
around us, with: ſuch degrees of fwiftneſs 
as yon will be amazed to hear of; and 
yet, at the end of each circuit chey begin 
the ſame over again, at the ſame parts 
of ſpace from which he ſet them off at 
 firft———And the diſpoſition: of all the 
apartments of the ſhip will not hear to 
be compared, not &nly with the ſtructure 

of the body, but even with that 
of 
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of the meaneſt animal on earth. —Was ths 


day calm or windy ?. 


„E. Scatce a breath of wind was Biering' 

the ſun ſhone clear, which made the ſur- 
face of the water around us, have a very 
pleaſing aſpect: and the fight of the ſhips 


about us, and of * town, was a moſt 


beautiful proſpect. 

N. I ſuppoſe you looked: out -thowogh 
the cabin windows whilſt you were at tea. 
— Did you ſee the * Were me 1 
bas won of i 0 1916 
Ad. Filodked: 40 vey enen er firſt 
object I a was a large houſe in the 


Dock towns but it ſeemeth to me as if it 


moved very ſlowly toward the right-hand. 
J ſoon loſt ſight of it, and other objects 
appeared to my view, and difappeared 
ſlowly: and gradually; which could ariſe 
from no other cauſe than the very flow 
and gentle turning of oy N _ re 
. mot 1% 190-15 

NM True i but did vou feet the motion of 


web 3 rr gin 28. 

E. Not in the leaſt; a aid whole 
company ag that if 'we had not looked 
out, 
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out, we ſhould not have thought that 


the ſhip had any motion at that time. 


N. And is not hat ' fingle caſe ſufficient to 
convmce you that the earth may turn 


round, and carry us all about with it, and 
we feel nothing of its motion; eſpecially as 
the motion of the earth is much more regular 
and uniform than the motion of a ſhip, or 


any other machine that human art can con- 


a trive. 


E. J confeſs it is. But if the earth 
turns round, how comes it to paſs that a 
ſtone thrown directiy upward, falls down 


again, upon the very ſame place of the 


earth from which it was thrown up? 
For, conſidering how large a globe the 
earth is, the parts of its ſurface muſt 


move very faſt, to turn round once every 
twenty-four hours. And if it turns at all, 


its motion muſt be eaſtward; becauſe the 


ſun, moon and ſtars appear to move from 
Eaſt to Weſt. Now, I ſhould imagine, 


that a ſtone or ball throw directly up- 
ward from any place, would fall as far 


to the weſtward of that place, as the place 


itſelf has got to the eaſtward, whilſt the 


ſtone 


— 


. 


— — — — — — — — —³ͤ — — — 
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fione was difengaged from the earth, and 
riſing and falling in the ſame line. 

N. Your obſervation is very ſenſible,— 
But you ovght to conſider, that any body 
which - is put into motion will perſevere 
in that motion till ſome thing or other 
turns it aſide, or Rtops its courſe. The 
ſtone partook of the carth's motion before 
it was diſengaged therefrom : the perſon 
who took it up had the ſame motion, by 
which means it was ſtill communicated to 
the ſtone; and therefore its motion was 
as quick eaſtward while it was riſing and 
falling in the open air, as the earth's mo- 
tion is: ſo that it could not miſs falling 
down again upon the ſame part of the 
earth. And although it would have ap- 
peared to a ſpectator to aſeend and deſeend 
in the ſame perpendicular line, yet its real 
mqation was in 'a curve, and would mani- 
feſtly have appeared © to an obſeryer at 
reſt. in the open air, on whom the earth's: 
motion had no effect. | 

I a large boat was. failing along, near 
the. ſhore; ; two perſons oppofite to one an- 
other in the boat might toſs a ball to each 
ather, over and over acroſs the boat, to 
catch 
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catch for their diverſion; and they; would 
imagine it to be only going to and fro, 
from one perſon to the pppoRite, always in 
the ſame line; whereas * tis certain, that the 
progreſſive motion of the ball, going from 
one fide to the other, would be equal to 
the progreſſive motion of the boat; for if 
it was not, the oppoſite perſon (who had a 
progreſſive motion) could not catch it. And 
although it would appear to all the people 
in the boat, to move forward and backward 
in the. ſame line, yet, to an obſerver -on 
the ſhore, who is no way affected by the 
motion of the boat, the ball would be ſeen 
to have a zigzag motion, never returning to 
either perſon in the ſame line in which he 
toſſed it toward the other. 

E. You have fully convinced me that 
there is nothing concluſive in my argu- 
ment againſt the earth's motion, And, 
in confirmation of what you ſaid about 
a body's being put in motion, that it will 
naturally perſevere therein, till ſome cauſe 
or other turns it aſide, or ſtops its courſe, 
I had once the experience. thereof: and 
very painful it was. For, croſſing our 
river in the boat, 1 food up when it was 

; about 


* 
4 9 
8 


— a 
* 8 
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about half way over; and as Tts* motion 
was uniform by the men pulling the rope, 
I was quite inſenſible both of its motion 
and my own. But when it ftopt ſuddenly 
apainſt the bank of the river, I fell for- 
ward on my face, and was much hurt by 
the fall. Whereas, if I had not, without 
knowing any thing of the matter, natu- 
rally perſevered in the motion given me by 
the boat, I could not have fallen when it 
was ſtopt. 

N. Indeed, Evposta,; you have given a 


true philofophical account of the cauſe of 


your falling: and now, I think we may, 
for the preſent, have done talking « of this 
matter. | 

E. I think ſo too; for, ſpeaking of the 
fall makes me almoſt imagine I ſtill feel 
it —But, pray, how do you prove chat the 
earth is round like a globe? 

N. will prove that immediately. The 
ſun ſhines in through the r 

E. What then? [OL 

N. Have patience 'a minute, and look 
at this fmall globe in my hand, and the 
flat circular plate that lies on the table 


Fog * the globe may be hung by the 
FI thread 
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thread which is faſtened to it. I now 
twiſt the thread, and hang the globe by 
it in the beams of the ſun; and the globe 
caſts a ſhadow on that upright board be- 
hind it. You ſee that the globe turns by 
the untwiſting of the thread; but let it 
turn how it will, it always caſts as round a 


ſhadow on the board as if it did not turn 
at all. —-I now fix a thread to the edge of 


the flat circular plate, and hang the plate 
by the thread a little twiſted. You ſee, 
that when the broad- ſide of the plate faces 
the ſun, it caſts a round ſhadow on the 
board, as the globe did: but as it turns 
obliquely toward the ſun, by the untwiſt- 


ing of the thread, its ſhadow is of an oval 
figure on the board; and when its edge 


is turned toward the ſun, its ſhadow on 
the board 1s only a narrow ſtraight line. 

E. All this is plain; but I cannot ima- 
gine what you are to infer from it. 

N. The earth always caſts a ſhadow to- 
ward that part of the heaven which is op- 


poſite to the fun; and the moon appears 
as flat to us as the board on which the 


ſhadow of the ſmall globe was projected. 
When the carth's ſhadow falls upon the 
C moon, 


18 THE YOUNG GENTLEMAN AND 


moon, we ſay, the moon is eclipſed. Theſe 
eclipſes happen at all different times of the 
twenty-four hours; and, conſequently, 
when all the different ſides of the earth 
are ſucceſſively turned toward the Sun. 
But the earth's ſhadow on the moon is 
always bounded by a circular line; and 
therefore, it is plain, that the earth muſt 
be of a globular ſhape.—For, if it were 

ſhaped like 7bis flat circular plate, its ſha- 
dow on the moon could never be circular, 
but when its broad-ſide was turned direct- 


ly toward the ſun. At other times, the 


ſhadow would be either of an oval figure, 
or only a ſtraight line, as you have ſeen 
on the board. There are ſeveral other 
ways of proving that the earth is round; 


but I believe you are ſatisfied that it is ſo, 


from what I have now ſhewn you. 

E. I am entirely ſatisfied, and therefore 
more proofs would be ſuperfluous. But 
I ſhould now be glad to know how you 
prove that the earth turns round ; and that 
the ſun does not go round the earth. 

N. Before I proceed to the demonſtra- 
tion, I will aſk you a very plain queſtion, 
which I hope you will not take amiſs, 

as 
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as I have not the leaſt dg to affront 
you. 

E. Indeed I do not believe you have; 
and therefore I beg you will alk it. | 

N. Suppoſe you put a ſmall bird on a 
ſpit, and put it to the fire; whether is it 
the beſt way to turn the ſpit round with 
the bird, or to let the ſpit ſtand ſtill, and 
move the fire round about it ? 12 

E. Your queſtion. almoſt ſurpriſes me. 
for, not to ſpeak of the wiſdom of man, 
ſure no woman of common ſenſe could be 
ſo abſurd, as to ſet about contriving how 
to make the large fire and grate be car- 
ried round the ſpit. 

N. True, Eudoſia. Now I can aſſure 
you, that the ſun is at leaſt a million of 
times as big as the earth; and is therefore 
more unfit to be moved round the earth, 

than a great fire, and the grate that holds 
it, is to be moved round a ſmall bird on 
a ſpit—And as no man in his ſenſes would 
go to work on ſuch an abſurd attempt, 


would it not be horrid blaſphemy, to ſup- 
poſe, that the DEITY, who is the very 


eſſence of wiſdom and perfection, would 
do 1o? 


C 2 E. Heaven 
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E. Heaven forbid the thought! the bare 
mentioning ſuch a thing is enough to 
chill one's blood. Were I ſure, that 
the ſun could be proved to be a million 
of times as big as the earth, I ſhould aſk 
no farther demonſtration of the ſtability 
of the ſun and the motion of the earth ; 
becauſe I ſhould naturally conclude,” that 
the ſun is a million of times more unfit 
to move than the earth is. And; as the 
moſt ſuperlative degree of wiſdom and 
reaſon is in the Deity, tis impoſſible for 
me to imagine he. could do any thing that 


"is irrational.—— My belief is, that he al- 


ways makes uſe of the feweſt, moſt ſimple, 
and moſt rational means, to produce the 
greateſt, moſt noble, and moſt aſtoniſhing 
effects; ſuch as his infinite goodneſs and 
benneficence to hfs creatures has rendered 
conducive to their welfare, in numberleſs 


* inſtances. 


N. He cettainly does.—And now I will 
prove to you, that the earth turns round 


every twenty-four hours; not upon any 


material axis, but on an imaginary ſtraight 
line within itſelf, paſſing through its cen- 
ter, and terminating in its North and South 
points, 
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points, which are called its North. and 
South poles; as an orange would turn 
round in the open air, if you firſt fet it 
a-whirling and then throw it off your 
hand in the air. ; 

Water naturally. runs downward, all 
around the earth, from thoſe parts which 
are higheſt, or fartheſt from the center, 
toward thoſe which are loweſt, or neareſt 
to it : and this is cauſed by the power of 
the earth's central attraction, which draws 
the water and all other bodies that way. 
Now, if the earth was perfectly round, 
and ſmooth like a poliſhed globe, all the 
parts of its ſurface would be equidiſtant 
from its center; and water could never 
run upon it. About three- fourth parts of 
the earth's ſurface is covered with the ſeas, 
which join or communicate with each 
other. And if the earth had no motion 
round its axis or center, the attractive 
force (which is equal all around at equal 
diſtances from the center) would cauſe 
the ſurface of the ſeas to be of a per- 
fectly round and globular form. 

E. Undoubtedly it would: for then, as 


every particle of the waters ſurface would 
be 
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be drawn with equal force toward the 
earth's center, and theſe particles do touch 
each other; none of them could get near- 
er the center than their neighbouring 
ones. | | 
N. Right. And now, ſuppoſing the 
earth to be at reſt, and the ſurface of the 
oceans and ſeas to be perfectly globular; 
what do you think the conſequence would 
be, if the earth ſhould begin, and conti- 
nue to turn round on a line within it- 


| ſelf, as if it turned on a real axis ? 


E. Let me think a little.—I have ob- 
ferved, that when our maid took her mop 


out of a' pail of water, the head of the 


mop was round: but when ſhe began to 
trundle it on her arm, it immediately 
became flattened at the parts of the ſtick 
which were even with its ſurface; and 
it ſwelled out in the middle. Pray, bro- 
ther, if I may be allowed to make a very 
odd ſort of a compariſon, may not an 
imaginary line in the heart of that part 
of the ſtick which is within the mop be 
called the axis round which the mop 
turns; as you have told me that ſuch a 
line within the earth, from its North to 

its 
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its South poles, is called the axis of the 
earth ?--If ſo, ſeeing that the waters on the 
earth are of as yielding a nature as the 
cotton of the mop; I apprehend, that if 
the earth turned round its axis, the ſurface 
of the ſeas about the poles would become 
flat, and the ſurface of the ſeas which are 
fartheſt from the poles would ſwell out, 
all round: and ſo, the figure of the earth 
would be like that of a whirling mop, 

N. No philoſopher could have made a 
more apt compariſon, nor have drawn a 
better concluſion from it. When I told 
you before, that the earth is round, I did 
not mean that it is ſtrictly ſo; although 
at the diſtance of the moon, it would ap- 
pear to be round, as its ſhadow on the 
moon does to us. I do not here conſider 
the hills as any thing, becauſe they are fo 
little in compariſon to the whole bulk of 
the earth, that they take off no more from 
its roundneſs in general, than grains of 
duſt do from the roundneſs of that ſmall 
three inch globe which you ſee on the 
table. I is quite round, and covered all 
over with paper, on which there is a map 
of the land and water on the earth's ſur- 

face. 
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face. The middle line (ſee Fig. 1, of 
PLATE 1.) or circle, that is drawn round 
it, is called the Equator, which divides the 
globe into two equal parts, called the 

Northern and Southern Hemiſpberes, or half 
globes. . The North and South Poles are the 
middle pornts.of the North and South hemi- 
ſpheres, each pole being a quarter of a cir- 
cle diſtant from each point of the equa- 
tor, all around: and a ſtraight line drawn 
through the center from pole to pole, 3 
called the axis of the globe. | | 
If the thin papers were ſcraped off from. 
the poles, and almoſt half way round 
them toward the equator, the globe would | 
be a little flattened at the poles, and com- 
paratively ſo, much ſwelled out about the 
equator ; but if it were then viewed from 
the diſtance of ſix or ſeven feet, it would 
ſtill appear to be round. 5 

E. I believe it would but what of all 
this? 

N. From actual meaſurement and oh- 
ſer vation, the earth is proved to be a little 
flattened at the poles, and ſwelled out 
about the equator; the equatorial diame- 


ter of the earth being thirty-five miles 
longer 
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longer than the axis or polar diameter. 
This you may think a great deal, but it 
is very little when compared with the bulk 
of the earth, as you will eaſily judge when 


tell you, that no leſs than 25, oo Englith 
miles would meaſure it round: and the 


higheſt mountains that are known are 
not three miles of perpendicular height. 
Now, as water naturally runs downward, 
if the earth had no motion on its axis to 
keep up its figure, the water of the ſeas 
would run from the higher parts about 
the equator, to the lower parts about the 
poles, and overflow the polar regions for 
many hundred miles all around; and 
even Britain itſelf would be laid ſeveral 
miles under water. * 

E. This is a very plain caſe: and;-the 
not returning of the waters from the ſeas 
about the equator, is to me an evident 
proof of the. earth's, turning round its 
axis; without which, the ſurface of the 
waters would become of a general round- 
neſs, as I ſaw the head of the mop do 
when the maid left off trundling it.--And 
now it ſeems plain that the almighty 
muſt have made the rigid earth as much 
88 higher 
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higher about the equator, than the land 
is about thoſe places near the poles, as 


the earth's quick motion about the equa- 


torial parts would cauſe the waters to riſe 
there. For I ſee by the globe, that there 


are great quantities of land about the 


equator, and many ſmall iflands in the 
ſeas, which are not overflown. | 
N. The more you know of theſe mat- 
ters,  Endofia, fill the greater reaſon you 
will have to admire the power, and adore 
the wiſdom and goodneſs of the Deity. 
E. Indeed, brother, I believe I ſhall. 
And 1 already begin to think, that if an 
atheiſt would be perſuaded to learn Aftro- 
nomy, it would ſoon cure him of his in- 
fidelity. 

VN. Sol haye often chought, fince I knew 
any thing of the matter. 

E. 1 think you told me, that almoſt 
three fourth parts of the ſurface of the 
earth is covered with ſeas; and by look- 
ing on that ſmall globe, I imagine it may 
be ſo. But you have not yet told me, 
how it is known, that the earth's circum- 
ference is 25,000 PR miles; and per- 

1 8 
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haps I ſhould not be able to underſtand 
it if you did. | 

N. The bulk of the earth is aſcertained 
by (what is called) Geometry, and could 
not ha ve been known by any other kind 
of learning. And as you do not yet un- 
derſtand any part of that ſcience, I ſhould 
only confound your head by talking to 
you on that ſubject at preſent. 

E. Your ſaying, at preſent, gives me 
ſome hopes, that you will endeavour to 
inſtru me in that branch of ſcience af- 
terward.—But can you tell me juſt now, 
how many miles of the earth is land; 
and how many ate covered with the 
ſeas? | 
N. The ſurface of the earthy part of 
our great globe 1s divided into four: great 
tracts or ſpaces, called Europe, Afia, Afri- 
ca and America; as you ſee them laid out 
on the ſmall three inch globe. 

According to meaſurement of the . beſt 
maps, the ſeas and unknown parts of 
land contain 166,522,026 ſquate miles; 
the inhabited parts 38,990, 569; Europe 
4.456,65 Afia 10,68, 823; Africa 
9,654,807; America 14,110,874. In all, 

199,512, $953 
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199,6 12,895; which is the number of 


ſquare miles on the whole ſurface of our 


globe. 

E. I admire the prodigious bulk of the 
earth; but-infinitely more ſo, the power 
that muſt have ſet it in motion at firſt, 

N. Nothing is great or ſmall but in 
compariſon: We are very big when com- 
pared with animals which can be ſeen 
only by the help of a microſcope : the 
earth is big indeed when compared with 
ourſelves, who live upon it: the planet 
Jupiter is a thouſand times as big as our 
earth, and the ſun is more than a thou- 
ſand times as big as Jupiter. — If you ſo 
juſtly admire the power that put our ſmall 


planet the earth into motion, how much 


more muſt you admire the power which 
put the whole planetary ſyſtem round us 
in motion! 

E. I ſink into nothing in my own 
mind. Alas, what have we to be proud 
of ? If I had been proud before, Aſtrono- 
my would have cured me effectually of 
it. 

N. Indeed it might cure any one of 
pride: and I believe no aſtronomer can 


be 
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be either proud or impious—But hark! 
—the bell rings for breakfaſt; I thought 
to have ſatisfied your query about the 
ſun, but muſt leave it till the next oppor- 
tunity. Be ſure then to put mein mind 
of it, and afterwards to talk about the 
ſolar ſyſtem. 

E. I believeI ſhall have no occaſion to 
remind you. ' 


_ DIALOGUE 
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il "DIALOGUE II. 


I - 
i On the BALance of Nature and the - 


_ 
| SOLAR SYSTEM. 


Neander. 


| ELL, ſiſter; what became of you 
_ yeſterday after breakfaſt? I went 

to my room immediately after, thinking 

you would follow me, that we might 

have a little converſation. But, inſtead 

of that, you have left me quite alone; for 

| I never ſaw you the whole day afterward 
except at dinner and ſupper. 

Eudojia. Indeed brother, I was ſo much 
pleaſed with what you told me yeſterday 
morning, that I was willing to make the 
moſt and beſt of it that I could; and there- 
fore employed the reſt of my time in 

, writing down every thing that I could 
remember. 


N. 1 
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N. Iam very glad of it: and now I 
find you intend to emulate a young lady 
of quality; who, laſt year, attended a 
courſe of lectures on experimental philo- 
ſophy at Tunbridge Wells; and always 
when ſhe went home, wrote down what 
ſhe had heard and ſeen. The perſon who 
read the lectures informed me, that he 
was (though with ſome difficulty) favour- 
ed with a ſight of the young Lady's ma- 


nuſcript: and aſſured me, that ſne had 


therein given a very good account of the 
machinery and experiments. I hope you 
will not refuſe to ſhow me yours, every 
day, as you proceed. 

E. You ſhall always fee it, were it on- 
ly for this ſelfiſh reaſon, that you may 
correct and amend what is wrong in it; 
and then 1 fhall reap the advantage. I 
will now repeat my yeſterday's query: 
To what is the ſun fixed ? for you have 
convinced me that he does not move 
round the earth. 

N. The ſun is not fixed to any thing at 
all; nor is it any way requiſite he 'ſhould- 
I told you that the falling of bodies to 

the 
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the earth is ſolely cauſed id the earth 8 
attraction. 

E. I remember it very well; and it 
ſeems plain to me, that their falling to- 


ward the earth's center, on all fides of it, 


is a demonſtrative proof. of the- earth's at- 
traction. For what elſe could poſſibly 
determine bodies to fall, on oppoſite ſides 


of the earth, in directions quite contrary 


to one another? 


N. Right, Eudoſia, you, are a Naber 
already: and I ſhall have very great plea- 


ſure in teaching you, at leaſt, | the rude 


ments of Aſtronomy. 
The tendency of bodies to fall, is call- 


ed their Gravitation, and the power which 
gives them that tendency, is called Ar- 
traction. Now, ſuppoſing the ſun(PLATE I. 
Fig. 2.) to be the only body that exiſts in 


univerſal ſpace, and that he 1s put into 
any part of open ſpace, pray, to what 


other part of ſpace do you think he 
would fall? Mg 

E. I think he could not fall to any 
other part of ſpace at all, becauſe there 
would be no other body to attract him: 


-and therefore, I imagine, that he would 


always 
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always remain where he was placed, ſelf 
balanced on bis center; as my favourite poet 
Milton — nd it, aer 
the earth. 

N. Your: obſervation is ſuigly juſt, 
3 now, to lead you further on, I tell 
you, that the ſun's attraction reaches 
many millions of miles all around him; 
and that all bodies attract each other ac- 
cording to their reſpective quantities of 
matter; that is, according to the number 
of particles of matter they are compoſed 
of. I have already told you that the ſun 
is a million of times as big as the earth: 
and as tlie ſun, and earth are within the 
reach of each other's attraction; whether 
do you think, that the ſun ſhould fall to 
the earth, or the earth to the ſun? 


E. I think, that if the ſun contains as 


much more matter than the earth does, 
as he is bigger than the earth, it is a 
million of times more reaſonable, that the 
earth ſnould fall to the ſun, than that the 
ſun ſhould fall to the earth. 

N. Right again, ſiſter; but now I muſt 
inform you, that the ſun is not ſo com- 
pact or denſe a body as the earth is; and 
| D therefore 
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therefore he doth not contain as much 
more matter than the carth docs, -as he is 
bigger than the earth. But his quanti- 
ty of matter is more than 200, ooo times 
as great as the earth's: and, conſequently, 
he attraQs the earth more than 200,000 
times as ſtrongly as the earth attracts 
him. . 
E. Then I ſhould think, that the fon 


and earth would naturally fall toward 


each other, and come together at laſt: 
only, that the earth would full 200, 0 
times as faſt toward the ſun, as the ſun | 
would toward the earth. 187 

N. And fo they would, if there. were 
nothing to hinder them. nos) 

E. And what 1s it that hinders ham 1 

N. I will begin to anfwer your queſtion 
by aſking you one.—Did you ever put a 
pebble into a ſling,” and whirl It —_—_ 
your head? : 

E. Yes, Sir, when I was a ohidd. 

N. And did you feel no tendenoy in the 
pebble to fly off from the ling ? 

E. O, yes! and the moment I let the 


ſtring ſlip from my hand, away the peb- 
ble flew.—I likewiſe reinember, that the 


faſter 
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faſter I'whirled, the, ling, the greater was 
the tendency of the pebble to fly off; and 
that I was obliged to pull the ſtring ſo 
much tlie ſttonger to N tbo N 
from doing ſooooo 
N. that obſer vation will is of, — 
ſervice to- you by and by, than your at 
preſent think of: but it would be too 
ſoon to tell you juſt noty ho it will. 
E. I will wait till you find it proper to 
tell me. But I am almoſt; impatient / to 
know what 4 are to infer from the 
n and fling |  * bet 
MN. All bodies that move in circles Dina 
a conſtant tendency. to fly off from (theſe 
circles; which tendency is called their 
centrifugal force. And, in order to keep 
them from flying off, there muſt be an 
attrattrve , farce at the centers of theſe cir- 
cles, equal to the centrifugal force of the 
moving bodies. The earth: goes round 
the ſun once a year, in an orbit or path 
which is nearly circular; and it would ag 
naturally fly off from its orbit, if the ſun 
did not attract it, as the pebble fle out 
of the orbit that it deſcribed round your 
| 9 2 head, 
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head, when you quitted your h 1 of 0 


ſtring. Y 20 
E. this is new dodrines to: me; for 


you ne ver told me before, that the earth 
goes round the fun. The earth then has 
two motions, one round its axis in twenty- 
four hours, and one round the ſun ina 
year. Can you prove as clearly that the 
earth goes round the ſun, as you have 
proved that it turns round its axis ? 
N. I éwill prove it negatively juſt now; 
and poſiti vely afterward- If the earth 
had no motion round the ſun, it could 
have no centrifugal force, to hinder. it 
from falling to the ſun, by its own weight 
or gravitation, which is conſtituted by the 
power of the ſun's attraction. an 
E. I fee that the earth's motion round 
the ſun is indiſpenſibly neceſſary, and am 
therefore ſatisfied that it does exiſt. But 
F think the ſun would require ſome mo- 
tion too, in order to give him a centrifu- 
gal force; without which, it ſeems to me, 
that, big as he is, the earth's: attraction 
would pull him out of his place. For, I 


W that the pebble and fling 
pulled 
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pulled my hand ſo ſtrongly, although tbe 
pebble was ſmall, that I could not poſſi- 
bly keep my hand en. whilſt the poly 
ble was in motion. ; 

N. Well done, ſiſter —The ſun mt 
moves in an orbit as well as the earth: 
and the ſun's orbit is as much leſs than 
the earth's, as his quantity of matter is 
greater than the earth's. And, as both 
theſe bodies go round their orbits in the 
ſame period of time, the ſun moves as 
much ſlower than the earth does, as his 
quantity of matter is greater than the 
earth's. So, what is wanting in the ve- 
locity or ſwiftneſs of the ſun's motion, is 
made up by his quantity of matter; and 
what is wanting in the earth's quantity of 
matter, is made up by the ſwiftneſs of 
its motion in its orbit: on which account 
their centrifugal forces are equal to each 
other's attractions; and as theſe attrac- 
tions keep them from flying out of their 
orbits by their centrifugal forces, ſo 
theſe forces keep them from falling to- 
wards each other by their mutual attrac- 
tions.---And this is, what we call, be 


great balance of nature. 
E.. This 
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E. This is a new light to me, and a 
moſt delightful one it is. But, although 
P#hink' I underſtand it, I wiſh you wonlt 
further explain it by a figure. 


N. Here is a figure (PLATE I. Fig: 3.) 


Which T drew: laſt night on putpoſe for 
you; in which, ſuppoſe A to repreſent the 


fun, B the earth, and C the line of direc- 


tion in which the ſun and earth mutual- 
IMaktract each other: in which line, take 
a point g, as much . nearer” the center of 
A than the center of B, as B contains leſs 
matter than 4; the center of A being at 
b, and the center of B at 7. If A and B 
were” allowed to fall againſt each other, 
by the power of their mutual attractions, 
then, in the time that A would fall through 


the ſpace 5 g, B would fall through the 


Pace ig; and both theſe bodies would 
meet at g, becauſe B would fall as much 
faſter © than A, as its quantity of matter 
(and conſequently its attractive force) is 
leſs than that of A. 

But, in the time the finall body B goes 
round the large circle a bc, the great body 
goes round the ſmall circle qe; by 


which motion, cach of theſe bodies ac- 
| quires 
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quires à centrifugal force pant to. the 
attractive force of the other; and the 
point g is the center of both the circles 

which the bodies defcribe ; and is called 
their common center of gravity, or the cen ter 
of gravity between them. 

E. I ſhould be glad to know voy it 1s 
ſo called. 

N. I will tell you --+Suppoſe A and B 
to be two balls of different quantities of 
matter, and conſequently of different 
weights; and that thoſe balls are connect- 
ed by a ſmall inflexible wire C, that has 
no weight at all (if you can imagine a 
wire to have no weight, like the imma- 
terial line in which the ſun and earth at- 
tract each other). Hang the wire by a 
thread fixed to the point g, which point is 
as much nearer the center of. the great 
ball A, than it is to the center of the lit- 
tle ball B, as the weight of B 1s leſs than 
the weight of A: and then, theſe balls 
will ſupport and balance each other, like 
different weights, at the two ends of a 
common ſteelyard, by which you have 
ſeen meat weighed at home, after it was 


brought from market. The point g may 
repreſent 


| 


— 
— 
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repreſent the center or axis of the ſteel- 
yard,” which bears the weights that are at 
both its ends. And, as gravity and weight 
are ſynonimous terms, the point g, or 
center of the ſteelyard, is not improper- 
ly termed the center of gravity of the 
weights A and 8g. 

E. I underſtand you perfectly well; and 
am much obliged to you for the pains 


vou have taken | hitherto, to make every 


thing ſo plain to me. 

N. And, now, if you twiſt the thread 
by which, the wire and balls are ſuſpend- 
ed at the point g, the untwiſting of the 
thread will cauſe them both to go round ; 
the great ball in the ſmall circle 4 ef, and 
the little ball in the great circle abc; and 


the center of gravity g between them will 
. - remain at reſt, 


E. From which I infer, that the center 
of gravity between the ſun and the earth 
is a motionleſs point. 

N. And your inference is right. 

E. I was juſt going to aſk you a queſ- 
tion, but am very glad a lucky thought 
prevented me; for it would have been 
quite childiſh. 
110% N. Remember 
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N. Remember what M. Beaugrand told 
you when he began to teach you French; 
Never fear, but ſpeak out, right or wrong; if 
you are wrong I will not laugh at you ; Twill 
put you rigbt.— Now tell me What your 
intended queſtion was ? | 

E. As we were obliged to vu the 
wire and balls by a thread, to ſupport 
their center of gravity; I was juſt about 
to aſk, what is it that ſupports the cen- 
ter of gravity between the earth and the 
ſun ? 

N. Well :—And what was the lucky 
thought that prevented your ang that 
queſtion ? 

E. I immediately recollected, that we 
muſt ſapport the center of gravity between 
the two balls, becauſe, otherwiſe, they 
would have fallen to the great earth by 
the power of its attraction. But, as there 
is no greater body than the ſun and earth 
to attract them, they could fall no way 
but toward each other: and, therefore, 
the common center of gravity between 
them needs nothing to ſupport it. 

N. It you had aſked the queſtion, I 
ſhould have told you the very ſame thing. 


E. If 


Ft 
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Elf all the parts of aſtronomy are as 
eaſily learnt as thoſe which you have 
already taught me, I ſhall have no reaſon 
to be vain, even if I become à tolerable 
good aſtronomer by your inſtructions. 

N. I dare not ſay they are; but T will 
make every part of it, Which 1. nem 
vou of, as plain as I can. 

E. Lou have already told me chat the 
earth is a planet, and that there are other 
planets beſides, which go round the ſun. 

N. Ves: there are five beſides our 
earth: and they are called Mercury, Venus, 
Mars, Jupiter and Saturn. 

E. Then, our ſun muſt be their ſun 
. f 

N. It is really ſo; and enlightens them 
all. 

E. I could never believe that the Al- 
mighty does any thing in vain; and there- 
fore I begin to think, that all the other 
planets are inhabited as well as our earth, 
For, to what purpoſe could the ſun ſhine 
upon lifeleſs lumps of matter, if there 
were no rational creatures upon them to 
Enjoy the benefit of his light and heat ? 

N. Ay. 
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Ne Ay, why indeed ? And I will tell 
yon one thing more, which will confirm 
your belief that they are inhabited. They 
turn round tbeirnaxis, as our earth turns 
round its axis; for which plain reaſon, 
they have days and nights as our earth 
has: and the two which are fartheſt from 
the ſun, namely, Jupiter and Saturn, and 
which, conſequently, have much leſs 
light'than our earth has; have moons to 
enlighten them, Jupiter four, and Saturn 
five; i! 

E. To me, this is a poſitive proof of 
their being inhabited; and is enough to 
make us think, that we are but a ſmall 
part of the creation, or of the favourites 
of heaven; and that all the regards of 
Providence are not attached to our dimi- 
nutive concerns. 

N. The Divine Providence is univerſal. 
GOD loves his creatures, as is manifeſt 
by what he hath done for us, who, per- 
haps, deſerve leſs of his favour than the 
inhabitants of all the other planets do, 
taken together.---It is as eaſy to him to 
take care of thouſands of millions as of 
one individual, and to liſten to all their 

various 


| 
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various requeſts.---On-account of his om- 
nipreſence, nothing can eſcape his no- 
tice; and on account of his omniſcience, 
nothing can eſcape his knowledge! 

E. And, as his omnipotence may be in- 
ferred from his works, fo I have often 
thought that his goodneſs may be in- 
ferred from his power. For, as he had 
power enough to make the world, he 
certainly has power enough to puniſh 
the world: and, conſequently, if his good- 
neſs were not equal to his power, he would 
puniſh us ſeverely for breaking his laws. 

N. I believe, ſiſter, a more juſt infe- 
rence was never made. 

E. Do all the planets go round che tan 


in a year, as our earth does ? 


N. No: thoſe which are neareſt the 
ſun go ſooneſt round him, and thoſe 
which are fartheſt from him are longeſt 


in performing their circuits. 


E. And do they all move round the 
center of gravity between the fun. and 
them, as round a fixed point ? 

N. They do. 

E. Then, as the times of their going 
round the ſun are ſo various, I cannot 

ſee 
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ſee how the ſun can deſcribe any regular 
circle round the common center of gravi- 
ty between him and them all. For, in 
order that the ſun . move regularly 
round ſuch a circle, I think all the planets 
would need to be bann page in one 
mals. , rol ror 

V. ria, very 3 — we * pros 
eeed by degrees. What I ſhowed. you by 
the figure was only on ſuppoſition, . that 
there is but one planet belonging to the 
ſun. But as there are ſix belonging to him, 
and going round bim in very different 
periods of time, he is only agitated (as it 
were) round the common center of gra- 
vity of the whole ſyſtem; and deſcribes 
no regular or perfect circle, round it, but 
is ſometimes nearer to it, and at other 
times further from it, according as he is 
attracted” by a greater or ſmaller number 
of planets toward any ſide of the heavens. 

E. In what times do all the n 80 
c- the ſun? 

N. Mercury in n 87. days 23 hon of 
our time; Venus in 224 days, 17 hours; 
the Eartb in 365 days, 6 hours; Mars in 
686 days, 23 hours; Jupiter in 4332 
| days, 


| 
| 
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days, 12 hours; and Saturn in 10,759 days, 
7 hours? ut the from welt; 


By South, td eaſt. wid * 
E. And d you know what their diſtin- 
ees from the ſun ares? baron 


N. Their comparative Glanees from 
the ſun have been known long ago, -borh 
by the laws of nature, and by obſefya- _ 
tion, and Are as: beet. —Af ſuppoſe 
the eafthi's diſtance from the ſun to be 
divided inte , ο equal parts Mer- 
cury s diftasee froni the fun will be ego 
to 38 710 oPtheſe parts ; Venus's diſtaſite 
72,333 1 Mars's diſtance 152, 369 Jupi- 
ter's * 1 0 3 Capra Saturn's n 


fance 954.066. + IC o * 
E. Ahd. can you tell W. way Andes 
are Comtaifecb in theſe parts? ? R. ei 


N. Not c exactly as we could | with; 
yet "aſtronomers ha ve come much” nearer 
to the knowledge thereof, by the late 
tranſit of Venus over the ſun, on the 6th 
of June 1761, than ever they were be- 
fore. But we muſt wait with patience” till 
che year 1569, when there will be a much 
better tranſit of that planet over the ſun, 


lache evening of the third of june; by 
0 which 


_ C4 yew bh * 
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which means; if it be properly obſerved 
at different places of the earth, the dimen- 
ſions of the whole ſyſtem will be very 
nicely" known. And the aſtronomers will 
do well to embrace that opportunity; be- 
cauſe there will not be ſuch another in 
an hundred years afterward. The method 
of finding thefe' diſtances by the tranſit is 
purely © geometrical; '' which, as you have 
not yet learned any thing of geometry, 1 
cannot at preſent make. you underſtand. 

E. But, tell me what theſe diſtances 
are, as deduced from the late "Wn | in 
June 1761. | 

N. Mevevry's diſtance from ths ſun 18 
36,841,468 Englith ' miles: Venus's diſ- 
tance 68,891 486: the Earth's diftance 
95,173,000 : Mars's diftance 145,014,148 : 


Jupiter s diſtance 494,990,976: and Sa- 
turn's diſtance 907,9 5b, 190. | 


E. Theſe: diſtances are ſo burner foby 
great, that I can form no ideas of them. 
N. Then I will endeavour to render 
them more familiar to you. For we are 


generally ſo much uſed to ſpeak of thou- 


ſands _ millions; that” we have almoſt 
| loſt 


Eu — —— — — — — 
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loſt the idea of Sho; 2 Shop ci con- 


tain- | 


— a bo ig hdr — the 
1 ſhould. continue to fly at the rate of 
480 miles every, hour, (Which is much 
ahout the ſwiftneſs of a cannon- ball) it 
would reach the orbit of Mercury fin 8 
years, 270 days; of Venus in 16 years, 
136. days; of the Earth in 22 years, 226 


da) s.; of Mars in 34 years, 165 days; 


of Jupiter in 11 years, 23) days; and 
of Saturn in 215 years, 287 days. 

E. Amazing to think tbat a cannon- 
ball would be upwards of 200 yeats in 
going from the ſun to the remoteſt planet 
of the Stow! The diſtance: muſt indeed 
be imwenſe 

N. Great as vou think it, —_ to 9a 
fan great it is) yet ſome of the” comets 
go almoſt fourteen times as far from the 
ſun cas Saturn is: notwithſtanding which, 
they are then nearer to the ſun than to 
anxiof the ſtars. For if any comet ſhould 
go as near to any ſtar as it is to the ſun, 
when fartheſt from him, it would be as 
much attracted by that ſtar as it is then 
by! the ſun; and its motion being then 

toward 
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toward the ſtar, it would go. on, and be- 
come a comet to that ſtar; and we ſhould 
never hear of it any more. — Aud now, 
Eudoſia, what do you think of the diſtance 
of the ſtars? 

E. I am loſt in wonder! —Bat ſuppoſing 
there were no comets, pray is there any 
other way by which we might know 
that the diſtance of the ſtars is ſo incon- 
ceivably great? 

N.“ I ſhall only tell you of one way.— 


If we are at a great diſtance from two 


neighbouring houſes, they ſeem to be 
ſmall, and at a little diſtance from one 
another. But as we approach nearer and 
nearer to them, they ſeem to grow big- 
ger and bigger, and the diſtance between 
them to encreaſe. You know this, 

E. Very well; pleaſe to proceed. 

N. The earth goes round the ſun every 
year, in an orbit, which is upwards of 
190 millions of miles in diameter. 
Hence, we are 190 millions of miles 
nearer to ſome of the ſtars juſt now, than 
we were half a year ago, or ſhall be half 
a year hence: and yet, for all that, the 
ſame ſtars till appear to us of the ſame 


4 E magnitude 
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magnitude, and at the ſame diſtance from 
each'other, not only to the bare eye, but 
alſo ben viewed by the niceſt made in- 
ſtruments.— Which ſhews very plainly, 
that the whole diameter of the carth's 
orbit is but a demenſionleſs point in com- 
pariſon to the diſtance of the ſtars. 

D. Al further proofs of the immenſe 
(and, 1 ſhould think, almoſt infinite) diſ- 
tance of the ſtars, would be ſuperfluous. 
But, as we were talking about the comets, 
pray, are they not dangerous — We are 
always frightened when we hear of their . 
appearing, leſt their fiery trains ſhould 
burn the world. 

N. That is owing to people's not know- 
ing better. The orbits of the planets are 
all nearly in the ſame plane, (as if they 
were cireles' drawn on a flat board) but 
the orbits of the comets are elliptical; and 
all of them ſo oblique to the orbits of the 
planets, and alſo to each other, that no 
comet can ever touch a planet. And, as 
to thoſe appearances, which are called the 
tails of the comets, they are only thin. 
vapours, which ariſe from the comets, 


and Which could not hurt any planet, if 
ahbotingem * it 
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it ſhould happen to po through that Va- 
pour when the comet is croſſing the plane 
in which the planet's orbit lies. If theſe 
trains were fire, we could not ſee any 
thing through them that is beyond them. 
For, if you hold a candle between you 

and any object. you cannot ſee that ob- 
ject through the flame of the candle; but 
the ſmalleſt ſtars are ſeen — the tail 
of a comet. 
E. This is a comfortable doQtine”; in- 
deed. | 
0 N. Beſides, you know that the world 
muſt be converted to Chriſtianity before it 
be burned; which, we can hardly be- 
lieve will be within the time that you 
and can live, according to the ordinary 
courſe of nature. 
| E. Alas, brother; our people hd 80 
| into thoſe remote parts where Chriſtianity 
, was never heard of, behave ſo unjuſtly 
4 and cruelly to the poor, natives, as might 
N rather frighten them from the chriſtian 
e religion, than induce them to embrace it. 
n I confeſs I am not at all ſurpriſed, when 
8, I hear, that the native Americans riſe 
ſometimes in large bodies, and deſtroy 
it E 2 thoſe 
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thoſe Who call themſelyes Chriſtians, on 
account of their barbarous ways of age 
that people. 

N. It is not at all to be cd at : 
for their, principles are, Good for good, and 
Evi / for Evil. 

E. As it makes me melancholy to think 


or ſpeak. of theſe. things; I beg we may 


reſume our intended ſubject. Conſidering 
how far the planets are from the ſun,” and 


in what times they 80 round him, they 


muſt move very faſt in their orbits. 1 
ſhould be glad to know how many miles 
they move every hour. 

N. Mercury moves 109,699 Engliſh 
miles every hour; Venus, 80, 295; the 

Earth, 68,243 ; Mars, 55.287; Jupiter, 
: 29,087 ; and Saturn, 22,101. 

E. And ſo we are carried 68 243 miles 


every hour, along with the earth in open 


ſpace, without being in the leaſt ſenſible 
of that rapid motion. 
N. We are indeed, ſiſter. 
E. And can you tell me what the mag- 
nitudes of the ſun and planets are? 
N. When the diſtance of an object is 
known, there are eaſy geometrical rules 


for 


| 
| 
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for deducing its real bulk from its appa- 
rent bulk. — According to the fore men- 
tioned diſtances, the ſun's diameter is 
893, 700 miles, (and conſequently! he is 
1,410,200.” times as big as the earth); 
Mercury's diameter, 3100; Venus's, 9360; 
the Earth's 7970 ; Mars's dia meter, 5 150; 
Jupiter's, 94,100; and Saturn's diameter, 
77,990 Engliſh miles. 

The / moon's | diſtance from the earth's 
center is 240,000 Engliſh miles, her dia- 
meter is 2170; ſhe moves (with reſpect 
to the earth) 2290 miles in her orbit eve- 
ry hour; and ſhe goes round the earth, 
from change to change, in 29 days, 12 
hours, 44 minutes. 

Jupiter has four moons, going round 
him in different times and at different diſ- 
tances. His firſt, or neareſt moon, goes 
round him in 1 day, 18 hours, 36 mi- 
nutes; the ſecond, in 3 days, 13 hours, 
15 minutes; the third, in 7 days, 3 hours, 
59 minutes; and the fourth, or fartheſt 
moon from ob in 0 days, 18 hours, 30 


minutes. 


Saturn has firs moons, the neareſt of 
which goes round him in i day, 21 hours, 


19 
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19 minutes; the, ſecond, in 2 days, 1) 
hours, 40 minutes; the third, in 4 days, 
12 hours, 25 minutes; the fourth, in 
15 days, 22 bours, 41 minutes and the 
fifth, or outermoſt; in 79 days, 1 hours 
48 minutes. This planet is encompaſſed 
by a bread. thin ring, ſet edge- ways tound 
it, and the diſtance. of the ring from the 
planet is equal to the breadth of the ring. 
The ſun ſhines for almoſt 15 of our years 
together On the northern ſide of the ring, 
men goes off, and ſhines as long on the 
ſouthern ſide of it: fo there is but one 
day and one night on cach ſide of the 
ring, in the time of Saturn's whole revo- 
lution about the has which takes Up! al- 


' moſt zo of our years. 


E. A long day Any night iiitce; bes 
the.. inhabitants of the ring, if any ſuch 
there be. Undoubtedly; if it is in habit- 
ed, it muſt be by beings very different 
from us; as we have no reaſon to believe 
hut that the DEITY has accommodated 
their days and nights as well for them as 
he has ours for us.—But you told me, that 
the other plancts turn round their axis, 


as our carth docs: do they all turn round 


the 
" 
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the ſame way, or eaftward, ſo as to cauſe 
the ſun and ftars appear to go round weſt- 
ward; and in what times; do, they turn 
round? wlq 

N. By viewing: Prat ich; 3 tele⸗ 
ſcopes, we ſee ſpots upon moſt of. them, 
which adhere to their ſurfaces, and ap- 
pear and diſappear regularly on their op- 
poſite ſides. By the motions of theſe 
ſpots, which are all eaſtward, we know 
that Venus turns round her axis in 24 
days, 8 hours, of our time; by which 
divide 225 of our days, the time in which 
Venus goes round the ſun, or the length 
of her year; and we ſhall. find, that her 
year contains only qt of her days. Mars 
turns round in 24 hours, 40 minutes, of 
our time; and Jupiter in 9 hours, 56 mi- 
nutes. We cannot tell in what times 
Mercury and Saturn turn round their 
axis, becauſe no ſpots have been ſeen 
upon them, even by tlie beſt teleſcopes. 


— The ſun turns round his axis in 25 


days, 6 hours, from Weſt to eaft, alſo. 

E. Why ſhould the ſun turn round? 
for, as he is the fountain of light, he 
can have no days and nights. 

N. To 
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N. To turn away his dark ſpots from 
long facing the planets; and thereby to 
diſpenſt his light the more equally all 
around him to the planets. But, are 
you not tired by one: ee nes, i aac con- 
vorſation? G | 

E. Far from . Walen though I am 
ſure you may. But what ſhall I do? for 
I fear I cannot remember much of what 
you have told me e av pee ſo as to 
write it down. un | 

N. Never mind mat, Bud, 9%, "ry 1 be- 
lieve I fhall publiſh theſe our con verſa- 
tions, for the ſake of other young ladies; 
many of whom are, no doubt, willing to 
learn Aſtronomy, but have no body to 
teach them. And then you can have the 
whole together in print. 

E. If you do, Sir, I muſt inſiſt n 
your not mentioning my name. | 

N. Your defire ſhall be complied with: 
and in concealing your real Name,” J ſhall 


alſo conceal my own. 
2 


5 DIALOGUE 
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DIALOGUE II. 


5 On GRAVITY and LIGHT, 
| Neander. 


80. ſiſter ; I find you are not willing 
to flip the morning opportunity, when 


we can be undiſturbed, and by ourſelves, 


Have you 'made any remarks upon our 


laſt eon verſation ? 
Eudoſia. Ves, brother.--In the firſt place, 


I retnember you told me, that the planet 
Mercury moves 109,699 miles every hour 
in its orbit, and Saturn only about 22;000. 
I obſerved likewiſe, that the further the 
planets are from the ſun, they not only 
take longer times to go round him, but 
alſo move ſlower in every part of their 
reſpective orbits. Can you aſſign any 


reaſon for this ? 
N. The 


2 
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N. The nearer that any planet is to the 
ſun, the more ſtrongly it is attracted by 
the ſun; the farther. any planet is from 
the ſun, the leſs is the force of the ſun's 
attraction upon it. And, therefore, thoſe 
planets: which are the nearer to the ſun 
muſt move the faſter in their orbits, in 
order thereby to acquire centrifugal. 
forces equal to the power of the ſun's at- 
traction: and thoſe which are the far- 
ther from the ſun muſt move the ſlower, 
in order that they may not have too 
great a degree of - centrifugal force, for 
the weaker vtrnction of the Col: at. * 


diſtances. . 
E. Then 1 e — = ſan? 8 


attraction, at each particular planet, is 
equal to the centrifugal force of each 
planet; and, by that means, the planets 
are all retained in their reſpectiyve wine 
Is it nat ſo? | bo "ey 

-N.:Accutately fo; | - 

E. Then, as the power of the Den is 
manifeſt, in having ſet off ſuch large bo- 
dies as the planets are, with ſuch, amaz- 
ing degrees of velocity; ſo his great wiſ- 
dom is conſpicuous, in having ſo exactly 
adjuſted their velocities, and, conſequent- 

ly, 
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ly, their centrifugal forces, to the diffe- 
rent degrees of the ſun's attraction at the 
diſtances the planets are from him. Here 
is a wonderful balance indeed! Can there 
be an atheiſt :I am fare no man could 
be fo, after hearing ſuch things as aun 
Have told me of. 271 
N. Tis ſaid there are atheiſts; but they 
muſt all be ſtupid fools.— The Almighty 
has laid the great book of nature open to 
our view; ſo that, every one that runs 
may read. Suppoſing matter had exiſted 
from eternity, (which, by the bye, is too 
great a cotapliment to be paid to matter) 
T imagine, the greateſt atheiſt in the world 
could hardly bring himfelf to believe that 
ſtones could have hewed themſelves, 
bricks - made themſelves, - trees ' ſhaped 
themſelves into beams and boards, and 
mortar made itſelf; and then all theſe ma- 
terials have jumbled themſelves together, 
ſo as to build a houſe; And what is a 
houſe in compariſon to a planetary ſy- 
ſtem; or the {kill required to build it, 
when compared with the organization of 
any iuſect: | 
E. Nothing at all——But I am apt to 
lead you into digrefſions, Doth the 
power 
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power of the ſun's: attraction decreafe in 
proportion as tlie diſtance won him in- 
creaſes ? 8 | 
N. No: his ede Wes diminiſhes 
in proportion as the ſquares, of the diſtan- 
ces {that is, as the diſtances multiplied by 
themſelves) from him increaſe. So that 
at twice the diſtance” from the ſun's center, 
his attractive force is four times leſs: at 
thrice the diſtance, it is three times three 
times, or nine times leſs; at four times 
che diſtance, the attraction is four times 
four times, or ſixteen times leſs; and fo 
| on. And this we''find, from the compa- 
i} rative diſtances of the planets from the 
1 | fun, and their different velocities in their 


orbits: beſides, J have often ſeen this ex- 


| 
hilt perimentally confirmed by a machine 
WH called the 2whirling-table. 

| E. If I underſtand this; ſuppoſing there 

| are four planets ſo placed, as that the 
1 diſtance of the ſecond from the ſun is twice 
fi! | as great as the diſtance of the firſt ; the 

diſtance of the third, three times as great; 

and the diſtance of the fourth, four times 
as great as the diſtance of the firſt : the 
15 fourth will be attraded only with a ſix- 
| | | teenth 
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teenth part of the force wherewith the 
firſt is. attracted ; | the third only with a 
ninth part of the force; and the fecond 
with only a fourth part of the force that 
attraQs the firſt. _ 

N. Exactly ſo. 

E. I ſhould be glad to know the rea- 


ſon why the ſun's attraction deereaſes in 
proportion to the ſquares of the diſtances . 


from him, Why do you ſhake your 
head ? 

N. Becauſe you aſk me a queſtion which 
Sir Isaac NewToN himſelf could not 
ſolve; although he was the prince of 
philoſophers, 

E. But can you give me no idea at all 
of it? | | F 

N. I could; and a very plain one too, 
if the attractive force (the effect of which 
we call gravity) acted only according to 
the ſurface of the attracted body. | 

E. Your if implies that it does not: but, 
if it did, why ſhould it decreaſe in that 
proportion ? | 

N, I have drawn a figure for your in- 


ſpection (PLATE II. Fig. 1) which indeed 


is for a quite different purpoſe: but it 
would 
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would exactly ſolve your queſtion, if gra- 
vity acted as all mechanical cauſes, do; 
only on the ſurface of bodies, 
Let She the center of the ſun; ; and 8 d, 
Se, Sf Sg, be, as it were, lines of at- 
tractive force, drawing the three ſquare 
plates A, B, and C, toward 8. Theſe lines 
touch only the four corners of the plates; 
but wre may ſuppoſe the whole ſpace with- 
in them to be full of ſuch attractive lines; 
laying hold of all the parts, or points (if 
you will) of the ſurface of each plate : and 
every particle of matter in each plate re- 
quiring an equal degree of powet to draw 
it equally faſt toward the ſun. 

Now, let the plate B be twice as far from 
the ſun's center as the plate A is; the 
plate C three times as far, and the attrac- 
tive forces equal on each plate, as if the 
above mentioned four lines S 4, Se, S /, 
and 8 g, were four cords, equally ſtretch- 
ed, and pulling all the plates with equal 
forces toward $.—But, the plate B being 
twice as long, and twice as broad as the 
plate A, it is plain, by the figure that B 
contains four times as much ſurface as A 


does, and four times as great a quantity 
of 
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of matter, ſuppoſing it as thick as A; and 
the plate C, being three times as broad 
and three times as long as 4, contains 
nine times as much ſurface and matter as 
does, ſuppoſing it of an equal thick- 
neſs with A. | 

Suppoſe now, that the intermediate 
lines of attraction, ' between the four cor- 
ner lines, are ſo cloſe together, as that 
they lay hold of every point of the ſurface 
of A, and draw it toward 8 with all their 
force; it is plain, that they can only lay 
hold of every fourth point of the furface 
of B, and of every ninth point of the ſur- 
face of C; ſo that, the plate B will want 
three fourth parts of the attraction that 
would be ſufficient to draw it toward $ as 
faſt as the plate A is drawn; and C will 
want eight ninth parts of the attraction 
that would be ſufficient to make it move 
as faſt as A moves toward S. 

E. I fee this very well : but, if gravi- 
ty acts not according to the quantity of 
ſurface, pray how doth it act? 

N. Exactly in proportion to the ſolid 
contents of bodies; that is, to the quan- 
tities of matter they contain. For, you 


know, 
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know, that if you would take the plate 
Cas it is, and weigh it in a balance; 
then take it out, and cut it in the lines 
drawn on its ſurface, by which means you 
would divide it into nine ſquare pieces: if 
you then lay them above one another in 
the ſcale, they will be juſt as heavy as 
they were before, when they lay at each 
other's edges, all in one piece, in the 
ſcale. Or, if you ſuppoſe them to be ſo 
cut, and then joined together at each 
other's backs, and put them at the diſtance 
S c from the ſun, as before; they will 
have only a ninth part of the ſurface to- 
ward the ſun as before: and yet, the ſun's 
attractive force on them will be juſt the 


ſame. | 
E. Then, it ſeems, there is no way of 


accounting for the manner in which gra- 
vity acts, but by reſolving it into the will 
of the Deity; ſeeing that the quantity of 
ſurface has nothing to do in the caſe. 

N. Indeed there is not. And, there- 
fore, when I henceforth ſpeak of gravity 
I would have you always underſtand, that 
I do not thereby mean a Cauſe, but the 


Het of a cauſe, which we do not compre- 
hend. 


0 


LADY'S AS RON. ]-. 65x 


hend. Beſides, you know, that if gravity 
acted according to the ſurfaces, or bulks 
of bodies, a cork would be as heavy as 
a piece of lead of the ſame bulk as the 
cork. | 

E. Very true.—But, as you told me 
that the figure we have been looking at, 
was not intended to ſhew how gravity 
acts; may I enquire what you intend to 

teach me by it; as you ſaid 5 drew it 
for me ? 

N. It is to ſhew, that the light of the 
ſun, or of any other luminous body, 
decreaſes in proportion as the ſquare of 
the diſtance from the luminous body in- 
creaſes. The rays of the ſun's light go 
out in ſtraight lines from all points of 
the ſun's ſurface : and, conſequently, the 
farther ' they go off from the ſun, the 
more they ſpread ; and fo they cover the 
more of the - ſurfaces of bodies at the 
greater diſtances. 

E. How is it known that light moves 
in ſtraight lines? 

N. Becauſe, if we endeavour to look 
at the fun, or at a candle, through the 

 [ bore 
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bore of a bended pipe, we cannot ſee it; 


but through a ſtraight pipe we can. 

E. Enough, Brother; pleaſe now to ex- 
plain the figure. | 

N. Let S be the ſun's center, and & d, 
S e, Sf, Sg, be four rays of light; go- 
ing out from the ſun's ſurface in ſtraight 
lines (in the ſame ditection as if they 
proceeded from his center), and ſuppoſe 
the ſpace within theſe rays. to be filled 
with others. Take the diſtances: S A, 


S B, S C, from the ſun's center, ſo as 


S B ſhall be twice as great as 8 A, and 
S C thrice as great. Then, at the diſ- 
tance & A place the little ſquare plate A, 
on which all the rays will fall that fill 
the above- mentioned ſpace at A. At the 
diſtance 8 B, place the ſquare plate B, 
which being twice as long and twice as 
broad as the plate A. it contains four 
times as much ſurface as 4 does: and 
if A be taken away, all the light that 
fell upon it, will fall upon, and cover 
the whole ſurface of B; which being 
four times as large in ſurface as A is, 


and having only as much light upon it 


as 
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as A had, every point of the ſurface of 
B can have no more than a fourth part 
of the light that fell upon every point of 
the ſurface of A. And, laſtly, at three 
times the diſtance S A, place the ſquare 
plate C; which being three times as long 
and three times as broad as the plate A, 
it contains nine times as great a ſur- 
face: and then if B be taken out of 
the way, ſo as to let all the light that 
fell upon it go on to the plate C, the 
light will juſt cover the ſurface of that 
plate; which being nine times as large 
as the ſurface of A, and having no more 
light upon it than 4 had, tis plain, that 
the hight upon every point of C is but 
a ninth part ſo ſtrong and vivid as it 

was upon every point of A. 1 8 W 
E. Nothing can be plainer than this : 
and it follows of courſe, that at fout 
times the diſtance of A from the - ſun, 
his light is ſixteen times weaker than at 
A; at five times the diſtance, it is twen- 
ty-five times weaker; and fo on. 1 

thank you for making this ſo plain. 
F 2 N. Indeed 


63 THE YOUNG GENTLEMAN AND 


N. Indeed 1 deſerve none of your thanks 
for it. I copied the figure from doctor 
Smith's Optics. That worthy gentleman 
was my good old maſter; and he is 
maſter of Trinity College in Cam- 
bridge. | 

E. Seeing that the comparative diſ- 
tances. of all the planets from the ſun 
are known, I make no doubt but you 
can tell me, what the comparative quan- 
tities of the ſun's light on all the planets 
ares [67 
N. Very eafily.—The ſun's light is 
ſeven times as great on Mercury as on the 
Earth; about twice as great at Venus; at 
Mars, it is not half ſo great, or ſtrong, 
as we have it on the Earth; at Jupiter, 
only a twenty-eighth: part ſo ſtrong as at 
the Earth ; and at Saturn, is but about 
a ninetieth part ſo ſtrong as with us. 

E. Then, I ſhould be almoſt tempted 
to think—but I cannot—will not in- 
dulge ſuch a thought, as that the Deity 
is partial: for I cannot imagine the in- 
habitants of our Earth to be better than 
thoſe of the other planets. On the con- 

3 trary, 
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trary, I would fain hope they have not 
acted ſo abſurdly with reſpect to him, as 
we have done. | 

N. Tell me freely what the thought 
was that aroſe in your mind, which you 
are ſo willing to ſuppreſs.—The Deity 
is no other way a reſpeQer of perſons 
than that of properly diſtinguiſhing be- 
tween the good and the bad ; and fo re- 
warding the one, and puniſhing the other 
accordingly. | 

E. It ſeemeth to me, that the inhabi- 
tants of the neareſt planets to the fun 
muſt be blinded by too much light ; 
and that thoſe of the fartheſt planets 
from the ſun muſt be puniſhed all their 
lives, with ſo weak a light, as can be 
called little better than darkneſs, We 
could not bear fever times as much light 
as we have from the ſun; nor be able 
to do our work with only a ninetieth 
part of the light we have. 

N. Your reflexion' ſiſter, is very na- 
tural. But, after aſking you two ot 
three plain queſtions, I believe I ſhall be 

able 
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able to give you full ſatisfaction on that. 
head, l 

E. Pray aſk them, and I will anſwer 
them if I can. 

N. After you have been a while out in 
the ſnowy. ſtreet, can you ſee as well to 
work with your needle immediately on 
coming into your room, as you did be- 
fore you went out? | 

E. No. 2 

N. Can you bear the ſtrong reflection 
of the ſun's light from the ſnow, juſt as 
well when you have been walking half an 
hour in it? RT Oe 

E. No. 

N. Can you give ſuch a reaſon for 
this as would ſatisfy a philoſopher ? For 
you know that the ſnow reflects not 
leſs light for your having been a while 
walking in it; nor is your room a 
bit the darker for your having. been out 
of it. 

E. I wiſh I could, but indeed I can- 
not. BY 
- N, Then 
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N. Then I will tell you.— Our eyes 
are made ſo, that their pupils (which let 
in the light, whereby we ſee objects) 
dilate when the light is weak, that they 
may take in the more of it; and con- 
tract when the light is ſtrong, that they 
may admit the fewer of its rays.— Whilſt 
you are in your room, the pupils of your 
eyes are dilated; and for that reaſon, 
when you go out, they take in too 
much of the light reflected from the 
ſnow which you find is hurtful. But 
they ſoon contract ſo, as to admit no 
more of that ſtrong light than you can 
eaſily bear.—And then, when you come 
into your room, with the pupils of your 
eyes contracted; the room, being not ſo 
light as the ſtreet, appears darker to you 
than it did before you went out: but, 
in a ſhort time, the pupils dilate again; 
and then they let in a ſufficient quantity 
of light for you to work by. 

Now, ſuppoſing all the other planets 
to be inhabited by ſuch being as we 
are, (though, for reaſons I ſhall men- 
tion afterwards, we cannot believe they 

are.) 
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are.) If the pupils of their eyes who 
live on the planet Mercury are ſeven 
times as ſmall as ours are, the light will 
appear no ſtronger to them there than it 
doth to us here. And if the pupils of 
their eyes who live in Saturn are ninety 
times as large as ours, (which they will 
be, if they are nine times and an half 
as large in diameter as ours; and which 
will appear to be no deformity where all 
are alike, and other ſorts have never been 
ſeen) the light there will be of the ſame 
ſtrength as it is to our eyes here.—Pray, 
Eudefia; how many full moons, do you 
think; would there need to be placed in 
a clear ſky, to afford us moon-light equal 
to common day-light, when the ſun doth 
not ſhine out, and all our light is N re- 
flection from the clouds? 

E. Indeed I cannot tell: — but am apt 
to think, that fixty or an hundred, at 
moſt, would do. For, when' the full 
moon is not clouded, ſhe ſhines fo clear, 
that I can read by her light. 

N. Sixty, or an hundred! —— l aſſure 
you, that you are greatly miſtaken : for 

| it 
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it would require ninety thouſand ; and 
that number would fill the whole of our 
viſible ſky. 

E. You amaze me! but I know you 
will not deceive me. Pray, how can you 
find any method of comparing moon- 
light with day-light, ſo as to aſcertain the 
great difference between the quantities 
thereof ? 

N. Have you never obſerved the moon 
pretty high up in the morning after the 
ſun was riſen, when the moon was about 
three quarters old ? 

E. Yes, brother: and when I have 
ſeen her, as it were, among whitiſh 
clouds ſhe appeared much of the ſame 
colour as they did; very dim in compa- 
riſon with what ſhe appears in the night. 

N. And yet, ſhe was juſt as bright 
then as ſhe is in the night; only the 
ſuperiour light of the day made her ſeem 
ſo much otherwiſe. Like a candle, 
which appears very bright in the night- 
time; but ſet it in the ſtreet in day- 
ſicht, and it will ſeem very dim, al- 

though 
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though its real brightneſs is ſtill the 


ſame. 

E. I think I could almoſt tell what 
you are to infer from all this; but will 
not ſpeak, leſt I ſhould be miſtaken 
again. And therefore I beg you will 
proceed. * 

N. when the ſun is hid by clouds, 
all the light we have is by reflection from 
them. The moon reflects the ſun's light 
in the night-time, as the clouds do in 
the day: and as ſhe can reflect no more 
light in the day than a ſmall bit of a 
whitiſh-clond does, that covers as much 
of the ſky, as the moon covers; the can 
reflect no more in the night.—And as 
the full moon fills only a ninety-thou- 
ſandth part of the ſky, her light is no 
more than equal to a ninety-thouſandth 
part of common day- light. Now, as 
the light of the ſun at Saturn is equal 
to a ninetieth part of his light at the 
earth, and common daylight at the 
earth is 9o, oo times as great as moon- 
light; divide 90,000 by go, and the 
quotient will be 1000: which ſhews, 

© that 


LADY'S. ASTRONOMY. 75 


that the ſun's light at Saturn is 100 
times a great as the light of the full 
moon is to us. 

E. I ſee plainly that it muſt be Au 
Oh! 

N. Why do you ſigh, Eudoſia? 

E. Becauſe there is not an univerſity 
ſor ladies as well as for gentlemen. Why, 
Neander, ſhould our ſex be kept in total 
ignorance of any ſcience, which would 
make us as much better than we are, 
as it would make us wiſer ? 

N. Yon are far from being fingular 
in this reſpect. I have the pleaſure of 
being acquainted with many ladies who 
think as You do. But if fathers would 
do juſtice to their daughters, brothers to 
their ſiſters, and huſbands to their wives, 
there would be no occaſion for an uni- 
verſity for their ladies; becauſe, if thoſe 
could not inſtruct theſe themſelves, they 
might find others who could. And the 
conſequence would be, that the ladies 
would have a rational way of ſpending 
their time at home, and would have no 
ja for the too common and expenſive 


ways 
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ways of murdering it, by going abroad 
to card-tables, balls, and plays: and 
then, how much better wives, mothers, 
and miſtreſſes they would be, is obvious 
to the common ſenſe of mankind.-—The 
misfortune is, there are but few men 
who know theſe things : and where that 
is the caſe, they think the ladies have 
no buſineſs with them; and very abſurd- 
ly imagine, becauſe they know nothing 
of ſcience themſelves, that it is beyond 
the reach of women's capacities. 

E. But, is there no danger of our ſex's 
becoming too vain and proud, if they 
underſtood theſe things as well. as you 
do? 

N. I am ſurprized to hear you talk 
ſo oddly. Have you forgot what you 
told me two days ago? namely, that if 
you had been proud before, the know- 
ledge of Aſtronomy, you believed, would 
make you humble ? 

E. You have caught me napping, as 
the ſaying is: — but I will not take up 
more of your time at preſent with di- 
greflions. I remember, this morning, 

to 
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to have heard you mention the light's 
going from one place to another, as if 
it took ſome time in moving through 
open ſpace. I know that ſound does ſo; 
becanſe I have ſeen the flaſh of a diſtant 
cannon before I heard the noiſe that it 
made, 

N. True, ſiſter; and you did not ſee 
the flaſh at the very inſtant when it was 


given; though you ſaw it very ſoon 


after. 

E. And do you know with what de- 
gree of ſwiftneſs light moves? 

N. Yes; and you ſhall ſoon know 
too. The Earth's orbit lies far within 
the orbit of Jupiter. 

E. Undoubtedly ; becauſe Jupiter is 
much farther from the ſun than the 
Earth is. 

N then you know, that when the 
Earth is between Jupiter and the Sun, 
the Sun and Jupiter appear oppoſite to 


each other in the heavens. And when 


the Sun is nearly between us and Jupi- 
ter, the ſun and Jupiter appear nearly in 
the ſame part of the hea vens. 

E. Undoubtedly 


— — * 
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E. Undoubtedly they muſt. 

N. And therefore, When the ſun and 
Jupiter appear almoſt. cloſe together, the 
Earth is almoſt the whole diameter of its 
orbit farther from Jupiter, than when 
it and Jupiter appear oppoſite to each 
other in the heavens. 

E. Certainly, *' | | 
NM The times when Jupiter's moons 
muſt be eclipſed in his ſhadow are eaſily 
calculated; becauſe, by teleſcopic obſer- 
vations, the times in which they go 
round him are accurately known; and 
the apparent | vaniſhing of theſe moons 
in the ſhadow may be very well perceiv- 
ed through a teleſcope; or the inſtants 
when they recover their light again, by 
the ſun's ſhining upon them, at their 
going out of the ſhadow. And it has 
been always. obſerved; ſince teleſcopes 
were invented, that theſe, eclipſes/ are 
ſeen ſixteen - minutes ſooner... when the 
Earth is neareſt -to Jupiter, than when 
it is | fartheſt from him. So that, if there 
were two Earths moving round the ſun 
in the ſame orbit, and always keeping 

| oppolite 
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oppoſite to each other z when one of them 
is at its leaſt diſtance from Jupiter and 
the other at its greateſt, an obſerver on 
the neareſt would ſee the ſame eclipſe 
ſixteen minutes ſooner than an obſerver 
on the fartheſt would. Which ſhews, 
that light. takes ſixteen minutes to move 
through a ſpace equal to the width 
or diameter of the earth's orbit, which 
is 190 million of miles. And, conſe- 
quently, it muſt take eight minutes of 
time in coming from the ſun to the 
earth; as the ſun is nearly in the center 
of the carth's orbit: that is, at the half 


of 190 millions of miles, or 95 millions 


of miles from the earth. 

E. I underſtand this; but a difficulty 
riſes in my mind. | 

N. Only mention it, * I will re- 
move it if I can. | 

E. The rays of the ſun's light come 
directly from him to the Earth; but his 
rays from Jupiter's moons come to us 
only by reflection. Are you ſure that 
reflected light moves with the ſame ve- 
locity that direct light does? 


N. There 
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N. There is no reaſon to believe but 
that it does. And 1 imagine, I can very 
eaſily convince you that it does ſo. | 

If the particles of light did not fly off 
from the "planets as faſt as they came 
upon them, there would ſtill be an ac- 
cumulation of light upon them; which 
would make them appear every night 
brighter and brighter; but, in reality, 
they do not. And if the light flew off 
faſter from the planets than it comes 
upon them, they would appear dimmer 
and dimmer every night; which is not 
at all the caſe. 

E. But are ali the rays which the ſun 
darts on any planet reflefed from it, and 
none of them loſt or abſorbed in the mat- 
ter of which the planet is compoſed ? Or, 
if ſome of them be abſorded, will not this 
invalidate your argument ? — 

N. Not at all, if the abſorbed rays bear 
a conſtant proportion to the be num- 
ber of rays with which the planet is ſuc- 
ceſſively illuminated; and this muſt un- 
doubtedly be the caſe; for the ſame parts 


of the planet's ſurface which either re- 
flect, 
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flect, or abſorb the rays that fall upon 


them this moment, will be equally diſ- 
poſed to reflect or abſorb the rays that 
fall upon them in the next: and ſo the 
. proportion between the abſorded and 
reflected rays, or between them and the 
whole quantity of light thrown on the 
planet, will be continually preſerved. 

E. But what if ſome parts of the pla- 
net's ſurface be more hardened by 
drougbt, or ſoftened by wet, as on our 
earth; or be in any other reſpect more 
diſpoſed, either to reflect, or abſoth the 
Sun's rays at ſome times than at others; 
would not this vary the 1 _ 
have mentioned? © rt 


N. If we may judge of this from our 


own globe, where the contrary quali- 
ties of "drought and wet, hardneſs and 
ſoftneſs; ſmoothneſs and roughneſs of 
ſome parts of its ſurface, ſo far às they 
reſult from any alterations of  weatheF, 
&c. if taken upon an àverage for a whole 
year, or other given time, and through. 


out any half of the Earth's ſurface; they 
will, very nearly, if not exactly, balance 


G 4 each 


vide 17,875, 00 by 8, and the quotient 
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each other. The ſame may be therefore 
ſuppoſed to hold good in the other pla- 
netary worlds; and ſo the proportion 
before mentioned will not be EPR 
altered. 
E. You have quite aac my diffi- 
culty, brother; and I thank you for 
having done it. But, as light comes 
from the Sun to the Earth in eight mi- 
nutes of time, its ſwiftneſs muſt be 
amazingly great. Let me try whether 
Jean compute it: for you taught me 
not only the four common rules of arith- 
metic before you went to the univerſity, 
but even the rule of three. The Sun's 
diſtance from the Earth is 95 millions 
of miles, in round numbers; and light 
moves through that ſpace in 8 minutes 
of time; divide, therefore, 95, 00, 0 
by 8, and the quotient is 11, 875, 00 
for the number of miles that light moves 
in 4 minute. Now, I remember that 
told me a cannon-ball moves at 
— of 480 miles in an hour, which 
is 8 miles in a minute ; I therefore di- 


is 
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18 1,484,378 i that light moves more 
than a million of times as leuft a5 a 
cannon-ball.-- Amazing indeed 

N. It is ſo And now "lll. tell 
you entering hich is al as àamaz- 


ing. 03 0 151 | 9tharg ba” 
E. What Can; Uk be . as on. moan 
the power of the Almighty? 1 


V. Far from it: 1: only, mean the in- 
conceivable n the en of 
light. SI WC 110. 01 

1E, And: hott: doi you. khow: that wen 
are yſo non emy ſniall !; ! 

NV. The [force with which: 4 body 
ſuikes any obſtacle, is directly in pro- 
portion to the aquantity lof hatter in 
the body, multiplied by the velocity; 
with which it moves. And, conſe- 
quently, as the oglbcity of light is, in 
round numbers, à million of times as 
great s the velocity of a cannon- bullet; 
if a million of the particles of dight were 
hut as big asg a common grain of ſand, 
we could mo 4inore oy .out-ieycs open 
to ibear ud ¹, of digit than we 


einten G 2 . could 
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could to have fand ſhot point blank 
againſt them from a great cannon. | 
Another way of proving that the par- 
ticles of light are ſo ſmall as to exceed 
all human ' comprehenſion, ' is this: Let 
a lighted candle be ſet on the top of a 
ſpire ſteeple, in the ' night-time, and 
there will be a very large ſpherical ſpace 
filled with the light of the candle before 
a grain of the tallow be conſumed; and 
as that grain of tallow is divided into 
fo many particles, as fill all the ſpace in 
which the light is diffuſed, can you 
poſſibly imagine how fmall the parti- 
eles are into which it is ſo divided? ; 
E. Indeed I can ave no idea theres 
WS Syd both 
VN. A very. eb: enn bc bound; 
that the particles of blood of thoſe ani- 
mals which can only be feet by means 
of a microſoope, are as much ſmaller 
than a globe whoſe diameter is only a 
tenth part of an inch, as that fmall 
globe is leſs than a whole earth. And 
yet, that chair 225 ok of blood are like 
. mountains 
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mountains to a grain of ſand, when 
compared with the particles of light. 


E. I am glad to hear our breakfaſt- 


bell: for, if I ſhould hear more of theſe 
ſubjects at preſent, I know not but what 
I ſhould, for ſome time, loſe the power 
of thinking. 

N. I had juſt as with the ſubject 
of light; but am ſorry to hear that you 
muſt go from home, for a few days, on 
a viſit. However, during your abſence, 
I intend to draw out two or three figures, 
in order to deſcribe the late tranſit of 
Venus to you by them: and give you 
ſome idea of the method by which the 
diſtances . of the planets from the Sun 


were found, by obſeryations made on 


that tranſit. 


E. I am very much obliged to you 


Sir, for the trouble you have taken, and 
are to take further, on my account: and 
ſhall return as ſoon as poſſible.— Vou 


know I could not refuſe Miſs Goodall 


invitation. 
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On the Tranft of V E N U S, June 6th 
1761 and how the diſtances of the 
. N were fund 
. 70 


Neander. 


De AR Siſter I am very glad to ſe 


you again: I ſuppoſe you found Mr. and 
Mrs. Goodall, and their daughters, to be 


very agreeable company. 
Eudoßa. Quite ſo, and [ have ſpent hw 


days very happily with them. 


NM. It is very obliging in Mr. Goodall 
and Miſs Sophy to ſee you ſafe home. 

E. They would do it, for all that I 
could ſay: even though I told them, 
22 that 
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that the ſervant Wbo — 
was very careful. | 

MN. Mr. Goodall and I dent un Howe! to- 
gether laſt night : and though be was 
full of his praiſes of your good fenſe, he 
did not ſay one word about your aftro- 
nomical converſations ; by which, I ima- 
gine, you ſpoke nothing about them in 
that family. Yet I am far from doubt- 
ing, that it would have been very agree- 
able if you had. 

E. Truly, brother, if I had, you muſt 
have heard of it: and then I ſhould not 
have wondered if you had ſaid that 1 
am not over-ſtocked/ with good ſenſe. I 
muſt know theſe things better before 1 
begin to ſpeak of them; and even then, 
not to ſpeak, unleſs I am defired by 
thoſe to whom I think the ſubject will 
be entertaining. You told me, the 
morning I went away, that our next 
converſation ſhould be on the tranfit of 
Venus; and how the diſtances of the 
planets from the Sun were found there- 


1 N. And 
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N. And to ſhew you that I have not 
forgot my promiſe, here are the figures 
which I told you I would draw out for 
that purpoſe. [See PLATE II. Fig. 2. 
and 3. and PLATE III. Fg. 1.) But, in 
theſe delineations, we muſt often ſacri- 
fice one truth to explain another: and 
in the preſent caſe it is unavoidable. 
For, if we were to make the bulks of 
the planets in our figure no greater than 
they are in proportion to their diftances 
from the ſun, the planets would be mere 
points; and a large ſheet of paper would 
be too ſmall for the lengths of the lines 
of diſtances. So that, in order to make 
the preſent ſubject plain, we muſt en- 
large the planets, and contract their diſ- 
tances from the Sun; otherwiſe, we could 


not, at preſent, render the effects intel- 


iN ceed. 


-ligible which ariſe from ſome of the 
planetary motions; 
E. "_ well, Wer pleaſe to pro- 


N. The er bf, the Earth is no 
more than a point in compariſon of its 
diſtance from the Sun; and therefore, if 
| the 
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the Sun were viewed, at the ſame inſtant, 
by two obſervers on”: oppoſite ſides of the 
Earth, his center would appear to both 
of them to be in the ſame point of the 
heavens, But, when Venus is between 
the Earth and the ſun, (as ſhe was at 
the time of her late tranſit) her diſtance 
from the earth is between three and four 
times leſs than the Sun's diſtance from 
the Earth. And therefore, if Venus be 
then viewed by two obſervers on the 
Earth, who are at a great diſtance from 


one another, ſhe will appear to each of 


them, at the ſame inſtant, to be on dif- 
ferent parts of the ſun's ſurface. Thus 
in Fig. 2. PLATE II. let & be the ſun, 
Venus, and AB DE the Earth. Let 
one obſerver be at A, another at B, and 
a third at D; all looking at Venus at 
the ſame moment of abſolute time. To 


the obſerver at A, Venus (V) will appear 


upon the ſun at F, as ſhe is ſeen in the 
right line AF: to the obſerver at B, 
ſhe will appear upon the ſun at G, being 
ſeen by him in the right line BY G: and 
fo the obſerver at D, Venus will appear 


upon 
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ppon the ſun. at H, becauſe he ſees the 
planet in the right line D H. Or, if 
you will ſuppoſe Venus to be at reſt at J, 
during the time that the obſerver at A 
is carried, by the Earth's motion on its 
axis, from A to D, through the ate ABD; 
'tis plain, that, to this obſerver, the pla- 
net V will appear to have moved on the 
Sun from F # H. through the ſpace 
F G H. "nd: | 

Let vs now ſuppoſe, that the Earth 


4b de (Fig. z.) is nearer the ſun 5 than 


is repreſented in Fig, 2. in which caſe, 


Venus v will be proportionably nearer 
the Earth; and the arc @ ô d, through 


which the obſerver is- carried, will bear 
a greater proportion to the diſtance of 
Venus v from the Earth, in Fig 3, than 
the ſame arc 4 B D (in Hg.) a. bears to 
the diſtance of Venus Y from the Earth. 
So that, if one obſerver ſhould be placed 
at a another at 6, and a third at c, the 
obſerver at a, would ſee Venus on the 
Sun at /, the obſerver at þ would ſee her 
on the Sun at g, and the obſerver at 5 
would ſec her on the Sun at b, all at the 


ſame 
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ſame inſtant of time. Or, if Venus 
kept at reſt at v. whilſt the obſerver at 


a was carried from @ to. d by the Earth's 
motion; Venus would, in that time, 
appear to him to have moved from f to 
þ on the Sun. But the ſpacefg b, in 
Fig. 3. is longer than the ſpace F G H 
in Fig. 2. and therefore, the nearer the 
Earth is to the Sun, the greater will the 
ſpace be through which Venus appears 
to move upon the Sun, by the obſer ver's 
real motion along with the Earth, in any 
given time: and the farther the Earth fs 


from the Sun, the leſs will the ſpace be 


through which Venus appears to move 
upon the Sun, by the obſerver's real mo- 
tion, in the ſame time. 

And, conſequently, as Venus is really 
moving on in her orbit, in the direction 
of TY W, (in Fig. 2.) or tv w (in Fig. 30 
whilſt the obſerver is carried by the 
Earth's motion on its axis from A to D, 
or from @ to d; tis plain, that Venus 
will appear to move ſooner over the Sun, 
if the Earth's diſtance from the Sun be 
only 5 v 5, (as in Fig. 3.) than if it 
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be BVS, (as in Fig. 2.) So that, the whole 
duration of her tranſit over the ſun muſt. 
be ſhorter, if the Earth's diſtance from 
the Sun be only 5 v 5, than if it be greater, 
as BY $.—Do you underſtand this, Eu- 
.be | 

E. I think it is ſo plain, that wc body 

might underſtand it. 
N. Then, we have done Gia. theſe 
figures, and ſhall proceed to Fig. 1. of 
PLATE III. in which, let a6 c da be the 
Earth, Venus, and S the Sun. The 
Earth turns eaſtward on its axis, in the 
direction @ b c d; and Venus moves in her 
orbit in the direction EVe. 

Now, ſuppoſe the Earth to be tranſ- 
parent like glaſs, and that you were 
placed at its center C, and kept looking 
at the Sun 8, during the time in which 
Venus moves in her orbit from F to f, 
through the ſpace FG/ gf: in this caſe, 
the Earth's motion on its axis could have 
no effect on your poſition, becauſe it 
could not carry you any way from C. 
Then, when Venus was at F in her or- 


__ ſhe would — to you as at K 
juſt 
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juſt within the Sun's ſurface, touching 
his eaſtern edge at K; that is, at her 
firſt internal contact with the Sun's 
eaſtern edge. As ſhe moves on, from 
F to F in her orbit, ſhe would appear to 
you to move on the Sun, from K to L, 
in the line K & L, which is called the line 


of her tranſit over the Sun. And when ſhe 


was at F in her orbit, ſhe would appear 
at L on the Sun, juſt beginning to leave 


his weſtern edge, or at her laſt internal 


contract with the Sun. Now, pleaſe to 
remember, that if Venus could be ſeen 
from the Earth's center C, the would 
move from F to / in her othit, in the 


time that ſhe would appear to move from 


K to L on the ſun; or from her firſt i in- 
ternal contract to her laſt. 

E. A bare inſpection of the figure 
ſhews it: for; when Venus is at F in her 


otbit, ſne would appear juſt within the 


Sun at K; becauſe then, as viewed from 


the Earth's center C, ſhe would be ſeen 


in the ſſraight line C FK; and when ſhe 
came to F in her orbit, ſhe would ſeem 


om * to leave the Sun at L, 


becauſe 
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becauſe ſhe would be ſeen in the rer 
line C/ L. 

N. Very well Now let us app 
that an obſerver is placed on the Earth's 
ſurface at 2; and that he is carried from 
a to 6, by the Earth's motion on its axis, 
in the time that Venus moves in her or- 
bit from F to. | | 

When Venus 1s at F. ſhe appears at « 
on the ſun, as ſeen from the Earth's! cen- 
ter C; but to the obſerver at a ſhe will 
not appear to be then entered upon the 


Sun; becauſe (if ſhe were then vifible in 
the ſky). ſhe would be ſeen in the line 


FA, eaſtward from the Tun; and muſt 
move on frum F to G in her orbit, be- 
fore the obſeryer at a, can ſee her on the 
Sun at K, in the right lmea G XK. So that 
her tranſit will begin as much later to 
. the obſerver at a, than it does to the ob- 
ſe a rver at C, as ſhe is in moving . F 
t o. & in her orbit. ä | 
When Venus comes to z in her Aber 
the obſerver will be carried by the Earth's 


motion almoſt from ie 5; and then che 
will ſee 2 the line c FA juſt” begin- 


ning 
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ning to leave the Sun at L; but ſhe muſt 
move on from g to F in her orbit, before 
| ſhe begins to leave the Sun at L, as ſeen 
from the Earth's. center C, in the right 
(or ſtraight) line C L; and then, to the 
obſerver at , ſhe will appear quite clear 
of the Sun to the weſt, in the line B f J. 
So that the whole duration of the tran- 
fit from K to L on the ſun, will be 


ſhorter, as ſeen by the obſerver in mo- 


tion from-@ to c, than as ſeen by the 
(ſuppoſed) obſerver at reſt at the Earth's 
center C. For, tothe former, ſhe will 
move only from G to g in her orbit, dur- 
ing the time ſhe appears to move from 
K to Lon the Sun: whereas, to the latter, 
ſhe muſt move from F to f in her orbit, 
in the time ſhe appears to paſs over the 
Sun from & to L. 

The ntaret the Earth is to the 0 the 
greater will the difference of the dura- 
tions of the tranſit be, from K to L on 


the Sun, as ſeen from the Earth's ſurface. 


and from its center: and the farther the 
Earth is from the Sun, the leſs will the 
difference: between the durations of the 

tranſit 
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tranſit be, as ſeen from the ' Earth's ſur- 
face and from its center, accordingly. 
E. Certainly ſo, by what you already 
told me in your explaination of the ſecond 
and third figures of the ſecond Plate. 


| For, the nearer the Earth is to the Sun, 


the nearer alſo, in proportion, it muſt be 


to Venus; and the farther it is from the 


Sun, the farther alſo it muſt be from 
Venus. So that the fpace through which 
the obſerver is carried by the Eartli's mo- 
tion, from à to b, (PLATE III. Fig. 1.) will 
bear a greater proportion to the diſtance 


of Venus from the earth in the former 


caſe than in the latter: and ſo, will affect 
the times of duration of the tranſit, as 


ſeen from the Earth's center and from 


its ſurface, accordingly.— But I ſhould 
be glad to know, why you ſuppoſe an 
obſetver to be placed at the Earth's cen- 
ter, as it is a thing impoſſible to be done: 
and if he was there, he could neither fee | 
the ſun or Venus. 15 Ol! 

NM Becauſe the motions of the euhnces 
are calculated in the aſtronomical tables, 
as if ſeen by an obſetver at reſt. And, 

181 . A8 
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as the apparent breadth, of the ſun is 
known, and. the timo of Venus's going 
round the ſun is alſo known; the time 
of her appearing, to move through a 
ſpace equal to the Sun's , breadth, as ſeen 
by. an obſerver at reſt, is eaſily calculat- 
ed, and is the ſame | as. would be obſer- 
ed by a perſon placed at reſt, at the gen- 
ter of the Earth. And then, at all kinds 
of diſtance of the Earth from the Sun, it 
is eaſy to, calculate how, much the dura- 
tion of the tranſit would be ſhortened by 
the motion of an obſerver on the Earth's 
ſurface, on the fide of the Earth next to 
Venus, and who is then moving, in a 
contrary direction to the motion of Ve- 


nus in her orbit, that the duration "of. 
the tranſit would be to an obſerver at the 


Earth's center, or even on its fur ſace; if 


the Earth had no motion, on its axis; in. 


which caſe, the obſeryer on the ſurface 


would be at reſt. But as that obſerver 


is really in motion with the Earth, when 
the duration. of the tranſit, is obſerved by 


him, and, conſequently, known how, 


2 1 


much ſhorter, it appeared to bim, than 
H it 
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it would have done if he had been at 
reſt; the diſtance of the Earth from the 
Sun may thereby be found: which, as I 
told you already, is thereupon computed 
to be 95,173,000 Engliſh miles. 

E. The diſtance of the earth from the 
Sun, in miles, being known; I ſhould 
be glad to know how you find the diſ- 
tance of all the other planets from the 
Sun. For we cannot ſend people from 
the Earth to thoſe planets, to obſerve 
tranſits. | 

N. I told you already, in our ſecond 
dialogue, that the relative or compara- 
tive diſtances of all the planets from the 
Sun are known long ago, both by the 
ſtated laws of nature, and by obſerva- 
tion ; and that they are as follow. 

If we ſuppoſe the Earth's diſtance from 
the Sun to be divided into 100,000 
equal parts, (let theſe parts contain how 
many miles they will) Mercury's diſtance 
from the Sun muſt be equal to 438,710 
of theſe parts; Venus's diſtance, 72,333 ; 
Mars's diſtance, 152,369; Jupiter's 
$20,096 ; and Saturn's 2 954, 006. 

Now, 
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Now, as the number of miles is in 
ptoportion! to the number of parts, and 
the 100, 00 parts by which the Barth is 
diſtant from the ſun, contain 93,173, 0 
miles; we ſay, by the rule of three, 
as 100,000 patts are to 95, 173, 00 
miles; ſo are 38,10, Mercury's diftance 
from the Sun in parts, to 36,841,468, 
his diſtance” from the Sun in miles. 80 
are 72,333, Venus's diſtance from the 
Sun in parts, to 68,897,486, her dif- 
tance from the Sun in miles. So: likes 
wiſe are 152,369, Mars's diſtance from 
the Sun in parts to 143,014,149, his 
diſtance from the Sun in miles. And 
ſo are 520,096, Jupiter's diſtance from 
the Sun in parts, to 494,990,976, his 
diſtance from the Sun in miles. And 
laſtly, (carrying on the proportions) ſo 
are 954,006, Saturn's diſtance from the 
Sun in parts, to 907956, 030, 11 ee 
from the Sun in miles. | 
E. I thank you, beendet Fol havieg, 
explained the whole of this matter fo 
much to my ſatisfaction. But I have 
heard that the late tranſit was obſeryed 
H 2 by 
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by people at very different parts of the 
Earth. Pray did you find, that all the 
obſervations (as you zot accounts of 
them) agreed ſo wu. 23 to n all the 
ſame concluſion? | 

N. I cannot a 4 did, 40 "ar 
28 we bould with; which might have 
been owing to 11150 cauſes. Firſt; that 
the differences of longitude- (as it is 
called) between many places where thoſe 
obſervations.” were made, are not yet 
well aſcertained: and ſecondly, that all 
the obſervers did: not uſe | teleſcopes of 
an equal. magnifying power, Which they 
ſhould have agreed to do before-hand. 
And! undoubtedly, they who uſed the 
higheſt magnifying | teleſcopes, - could 
more accurately. determine the inſtance. 
of Venus's two internal contacts with 
the Sun; than thoſe could Who uſed 
ſmaller magnifying teleſcopes. But tis 
to be hoped, that all proper care will be 
taken, in obferving the tranſit on the 
za of June 1569 And aſtrononiers will 
do ev: to make the moſt and beſt of it 
e 897 n ie St 324 5 hey: 
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they can; as there will not be another 
tranſit in leſs than 105 years after ward. 
E. How can that be For as the Earth 
goes round the Sun in a year, and Ve- 
nus in 225 days; I ſhould think, that 
Venus would paſs between the Earth 
and the Sun once every two years at 
moſt, 1 | 4 
N. So ſhe would, onee in every 584 days, 
if her orbit lay in the ſame plane with 
the Earth's orbit, like one circle made 
within another on a flat paper. But one 
half of Venus's orbit lies on the North 
ſide of the plane of the Earth's orbit; 
and the other half on the ſouth ſide of 
it: ſo that her orbit only eroſſes the 
Earth's orbit in two "oppoſite - points. 
And therefore, Venus can only pafs di- 
rectly between the Earth and the Sun, 
when, at the times of her conjunQions 
with the Sun, ſhe is either in or near 
one or other of thoſe- points. At all 
other time; ſhe eithet paſſes above or 
below the Sun, and is then in viſible, on 
account of her dark ſide being toward 
the Earth. But its being ſo alſo, at the 


time 
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time of her late tranſit, made her, very 


conſpicuous on the Sun, like a black 


patch on a circular piece of white paper. 
At her laſt tranſit, ſhe paſſed below the 
Sun's center, about a third part of the 
Sun's: breadth; and at her next, ſhe wall 
paſs as far above it. 

E. I underſtand this thoroughly But, 
J think, there are ſome lines in the figure 
(PLATE 111. Fig. 1. which you have not 
yet explained. 

NM. Then, ſhew | me them, | ad: I 
will. | 

. They are the lines N E XK and 
n eL. 

N. True: I had almoſt forgot them. 
Suppoſed an obſerver. at N, on the fide 
of the Earth fartheſt from Venus, to be 
carried from N to n in the ſame direc- 
tion with Venus's motion in her orbit 
from E to e, in the ſame time that an 
obſerver at à is carried from 4 to 6, in a 
contrary direction to the motion of Ve- 
nus in her orbit: the duration of the 
tranſit will be longer, as ſeen by the ob- 


ſerver who is carried from N to , than 
\ it 
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it. would be to an obſerver at reſt at the 
Earth's center C. For, when Venus 1s 
in her orbit at E, ſhe, will appear upon 
the Sun at K, as ſeen from N in the 
right line NE K; but the muſt. go on 
from E to F before ſhe can be ſeen from 
C, upon the Sun in the right line CF EX: 
and, as ſeen from C, in the right line Cf L, 
ſhe will appear as juſt beginning to leave 
the Sun at L, when ſhe is at / in her orbit. 
But ſhe muſt move on, from F to e, be- 
fore ſhe can appear as beginning to leave 
the Sun, when ſeen by the obſerver at u, 
who is carried from N to n by the earth's 
motion on its axis, in the time of Venus's 


moving from E to e in her orbit. So that 


the viſible duration of the tranſit will be 
longer as ſeen by the obſerver who is carri- 
ed from N to n, than it would be to an ob- 
ſerver at reſt; and ſhorter, as ſeen by an 
obſerver who is carried from a to b. And 
the difference between theſe viſible durati- 
ons will be of greater advantage towards 
finding the Earth's diſtance from the Sun, 
than what could be gained only from obſer- 
vations made on the ſide of the Earth which 


1s neareſt to Venus, during the time of her 
tranſit. 


E. Pray, 
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2 Pray, who was it that firſt thought 
of this method of finding the diſtances of 
the planets from the ſun? I i Imagine he muſt 
have been a very great aſtronomer. 

N. He was ſo indeed ; the man who firſt 
propoſed this method was the great Doctor 
HALLEY. And as he was morally certain, 
that, according to the common courſe of na- 
ture, he could not live to ſee that tranſit; 
he moſt earneſtly recommended it to future 
aſtronomers, that they might obſerve it 
when he was dead. And, in order to fur- 
niſh them with all proper information, he 
gave in a paper on the ſubject to the Royal 

Society; which paper was, ſoon after pub- 
lithed * in the Philoſophical Tranſactions. 


DIALOGUE 
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P1ALOGVUEY, 


On the method of finding the LATITUDES 
and LONGITUDES F Pracxs. 


Neander. 


Goob. morrow, ſiſter: you have been 
later than uſual of coming this mor- 
ning.— What's the matter? You look 
pale. | 

Eudoſia. | was taken ill laſt night about 
twelve, of an aſthma, which frightened 
me, as I never was ſo before; and kept 
me awake till five o'clock this morning. 
Then it left me, and I fell afleep, and 
have quit over-ſleeped my time; for now 
it is eight o'clock. 
Shang, | N. Why 
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N. Why did you not ring your bell, 
in order that ſomething might have been 
brought to relieve you : eſpecially as you 


know that our mother (among many other 


good medicines ) always keepsan eleQuary of 
honey, powder of liquorice, of elecampane, 
ſeeds of aniſe, and flowers of ſulphur ; which 
is exceeding good for that diſorder, and has 
cured many of it. 

E. I was loth to ſurpriſe any body in the 
night, eſpecially as the aſthma did not con- 
tinue long violent.—l - raiſed my head a 
good deal; ſo it left me gradually; and now 
I feel nothing of it. 

N. I am very glad of that—But I think 
it would be quite wrong to enter upon 
any ſuch ſubject this morning, as we 
have already been about. And therefore, I 
hope yon do not come now with any ſuch 
intention. 

E. Indeed 1 do, if it were but to take off 
my drowſineſs; and I feel no other ailment 
at preſent. 

NM. Well then; — with what ſabjea ſhall 
I entertain you this morning ? 

| E. I 


4 
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E. I heard you yeſterday, for the firſt 
time, mention the Longitude of places. But 
as I ſcarce knew what either Longitude or 
Latitude means, I ſhould be glad to know : 
eſpecially as we have heard ſo much late- 


ly about the finding the Longitude. And 


as I neyer heard of any difficulty about 
finding. the Latitude, I imagine, the 
latter is much more eaſily found than the 


former. 

N. It is ſo indeed, ſiſter. | 

E. What is the reaſon of that ? But 
believe my queſtion is premature: for 
I ſhould have aſked firſt what thoſe terms 
mean ? 

N. Right, Eudaia; and now I will in- 
form, you. Every circle, be it great or 
ſmall, is divided (or ſuppoſed to be di- 
vided) into 360 equal parts, called De- 
grees. Now, if we take a great circle 
round- the Earth, which divides the earth 
into two equal parts, every degree of that 
circle contains 694 Engliſh miles; as is the 
caſe with the degrees of the equator, and 


nearly ſo with thoſe of a great circle taken 
round 
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round the Earth, through the South 
poles. Und V SAP nom 

The Latitude of a place is the number 
of degrees that the place is from the 
Equator, ' towards the North or South 
pole: and 1s denominated Nerth or South, 
as the given place is on the North or 
South fide of the Equator.——Thus in 
the little globe, (Fg. I. of PLATE I.) all 
the places in the northern hemiſphere, 
from every point of the equator to the 
North pole, have North Latitude : and 
all the places from every point of the 
equator to the South pole, have South 


Latitude. As the pvles are the fartheſt . 


points of the Earth from the equator, they 
have the greateſt Latitude; which is 90 de- 


grees, or a fourth part of 360, the whole cir- 


cumference of the globe. 

The North and South points, or poles 
of the Heaven, are directly over the 
North and- South poles of the Earth. 
And therefore, as the Earth turns round 
its axis, which terminates in its North 
and South poles, every point of its ſur- 


face is carried round in 24 hours, ex- 


cept 
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cept its poles, which are at reſt. This 
motion of the Earth will cauſe an ap- 
parent motion of every point of the hea- 
ven, in a direction contrary to the Earth's 
motion, excepting its poles, which ap- 
pear always at reſt; becauſe they are di- 
rectly over the poles of the Earth, which 
are at reſt. 19 | 

E. May I put in a word juſt now, be- 
fore you proceed farther * 

NV. Why not? 

E. I ſhould think that the poles of 


the Heaven would change among the 
ſtars, on account of the Earth's motion 


round the Sun in a year. For, undoubt- 
edly, if the Earth's, axis (or line on 
which it turns round every, 24 hours 
were produced to the Heaven, it would 
deſcribe a circle therein, equal, in diame- 


ter to that of its whole orbit; which. 


you have already told me, is 190 millions of, 
miles. | 


Heaven, as can be made with ink by 
a pair of compaſſes on paper; the diſ- 
tance 


N. And ſo it does. — But if it. thonkd, 


by its track, make as dark a circle in the 
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tance of the flarry Heaven is fo great from 
us, that a circle therein of 190 millions 
of miles in diameter; would not appear ſo 
big to us as the ſmalleſt dott you can poſſi- 
bly make with a fine pen upon paper. 
Which ſhews, that if the Earth were as 
big as would fill its whole orbit, it would 
appear no bigger than adimenfionlefs point, 


if ſeen from the ſtars. For, notwithſtanding 


the Earth's conſtantly changing its place in 
its orbit, the poles of the Heaven could 
never be perceived to change their places, 
a ſingle vifible point, even when obſerved 
with the niceſt inſtruments. And therefore, 


we always confider the poles of the Heaven 


to be fixed points; and'to keep conſtantly 
juſt over the poles of the Earth. 

E. You have ſatisfied me entirely on 
this head; and, at the ſame time, con- 
vinced me, that the diſtance of the ſtars 
muſt be inconceivably great. Now, pleaſe 
to proceed. 

M Now, let us ſuppoſe a great circle 
to be drawn round the Heaven, through 

| its 


2 
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its North and South ' poles, and to be 
divided into 360 degrees, like a circle drawn 
round the Earth through its North and 
South poles. 

As the Earth is but a point in compari- 
ſon to the diſtance of the ſtarry Heaven ; 
let us be on what part of the Earth we will, 
we ſee juſt one half of the Heaven, if the 
horizon or limit of our view all around, be 
not intercepted by hills. And as, the poles 
of the Heaven are directly over the poles of 
the Earth; ſo the equinoctial in the Heaven 
is directly over the Earth's 1 all 
around. 

Now, as the Earth is round, 264 the 
Heaven appears to us to be round like 


the. concave ſurface of a great ſphere or 


hollow globe; tis plain, that if we were 
at the Earth's equator, the equinoQial 
in the Heaven would be over. our heads; 
and the North and South points, or poles 
of the Heaven, would appear to be in 
the North and South, points of our hori- 
zon, or limit of view. But if we go 
one degree from , the e equator, towards 


either 
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either the North or South pole of the 
Barth, the like pole of the Heaven would 
appear to be one degree elevated above 
our horizon, becauſe we would ſee a 
degree of the Heaven below it.; and the 
contrary pole. of the Heaven would be 
one degree hid below the limit of our 
view,—If we go two degrees from the 
equator, the pole will appear to be two 
degrees elevated above our horizon; and 
ſo on, till we go to either of the Earth's 
poles, go degrees from the equator; 
and then, the kke part of the Heaven 


would be juſt over our head, or 90 de- 


grees above our horizon; which is the 
greateſt elevation it can have, as ſeen 
from any part of the Earth. And as 
the number of degrees we are from the 
Earth's. equator. is called out Latitude, ſo 
the number of degrees of the elevation 
of the celeſtial pole is equal thereto. At 
London the. North pole of the Heaven is 
elevated 514 degrees aboye the horizon; 
which thews, that London has $17 de- 
grees "of North Latitude from the 'equa- 
tor. And as Latitude begins at the 
ix equator 
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equator, the places thereon have to Lati- 
tude at all. | 

E. Bat how can you tel] by lar num- 
ber of' degrees the pole is elevated ? for 
there is no viſible circle in the Heaven 


es into degrees, to reckon by. 


N. But we have an inſtrument called 
a Quadrant, which is a quarter of a 
circle, drawn on a plate of metal, and 
divided into go degrees; and it has a 


its center, which line always hangs 
ward the Earth's center, when allowe 
to hang freely. And if we look at the 
pole along one of the ſtraight edges of 
the quadrant, the other edge wilt: be as 
many degrees from the plumb line; as 
are equal to the number of degrees of the 
pole's elevation above the horizon of our 
place. And, by that means, the ele vati- 


plumb line with a weight hanging "3 


| on of the pole, and conſequently the lati- 
tude of the place, is known. 


E. Is there a ſtar fixed exactly in the 
North pole, by which means you can Know 
[ by ſight>where that pole ? 
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N. No; but there is a ſtar of the. ſe- 
cond magnitude, about two degrees from 
the North pole, and it is called the Pole far. 
And as the Earth's motion on its axis 
cauſeth an apparent motion of all the 
ſtars round the poles of the Heaven: the 
pole ſtar appears to us to deſcribe a cir- 
cle; of four degrees diameter, round the 
pole itſelf, every 24 hours. And there- 
fore, if we ſubtract two degrees from 
the greateſt obſerved, height of the pole 
ſtar, or add two degrees to the leaſt ob- 
ſerved height thereof, the reſult gives 
the ele vation of the pole at the place of 
obſer vation. 

As the North pole is glevatad. G17 is 
grees above the horizon of London; all 
thoſe ſtars which are within 514 of that 
pole never ſet below the horizon of Lon- 
don. And therefore, if the greateſt and 
leaſt altitudes of any of theſe ſtars be 
taken with a quadrant, half the diffe- 
rence of theſe altitudes being added to 
the leaſt, or ſubtradted from the great - 
eſt, gives the elevation of the pole above 
the horizon. 


And 
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And thus, we can very eaſily and ac- 
curately find the Latitude of any place, 
by means of any ſtar which never ſets 
below the horizon of that place. - 

The Latitude of any place may alſo 
be found by the Sun's altitude at noon, 
on any day of the year, quite indepen- 
dent of the ftars.—I will firſt endeavour 
to ſhew you the reaſon of this, and then 
ſhew you the method. 

The EquinoQtial in the Heaven is di- 
rectly over the Equator on the Earth. 
And juſt as many degrees as the Latitude 
of any given place is from the Equator, 
ſo many degrees is the point of the 
Heaven, which is over the place, from 
the Equinoctial. Conſequently, if we can 
find how many degrees the point of the 
Heaven, which is directly over our place, 
is from the Equinoctial, we thereby find 
how many degrees our place is from 
the Equator ; or our Latitude. 

The Sun is in the Equinoctial twice 
every year; namely, on the 2oth of 
March, and 23d of September; and then 


he is directly over the Earth's Equator. 
| I 2 From 
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From the zoth of March to the 23d of 
September, the Sun is on the North- ſide 


of the Equinoctial, and from the 23d of 
September to the 2oth of March, he 1s 
on the South-ſide of it. The number of 


degrees that the Sun is from the Equi- 
noctial, on any day of the year, is called 
tbe Sun's Declination for that day; and is 
denominated North or South, as the Sun 


is on the North or South fide of the Equi- 
nocial—=So that, Declination in the 
Heaven; is the ſame as Latitude on the 


Earth. 


There are tables, 07 calculated 
which ſhew what the Sun's declination 


is, at the noon of every day of the year; 


as it is North or South on that day.— And 
the point of the Heaven which is direct- 
ly over any place, is go 2 above 
the horizon of that place. | 

Now, to find the Latitude of the place, 
as ſuppoſe London, which is on the 
North ſide of the Equator; obſerve the 
Sun's altitude at noon, by means of a 
quadrant, on any day of the year: and 
then, if, mw the * you find the 
Mo? Sun's 
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Sun's: declination to be North on that 


day, ſubtract the declination from the 


Sun's meridian altitude, (that is, from 


his height at mid-day, as found by the 


quadrant) and the remainder will be 


the height of the Equinoctial; which 


height being ſubtracted; from go de- 


grees, will = ran Latitude, of the 


place. 


Thus, on the wy of Jai) the ta- 


bles - ſheyw us, that the Sun's. declinati- 


on is 234 degrees North; and if the Sun's 
altitude be obſerved with a quadrant-on 
the noon: of that day, the altitude will be 


found to be juſt 62 degrees. Now'ſubtrat 
23+ degtees from from 52, and the retain- 
der will be 33: degrees for the height or 
elevation of the higheſt point of the Equi- 


noctial above the horizon of London; 
which height being ſubtracted from go de- 
grees, leaves remaining 514 degrees for the 


Latitude af London. 
If the Sun's declination” be South, add 


its quantity to the Sun's obſerved alti- 
tude at noon, and the ſum will be the eleva- 


tion 


— 
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tion of the higheſt point of the equinoctial 
above 'the horizon of the place; which 
elevation being ſubtracted from go de- 
grees, will leave a remainder equal to the 
Latitude of the place. 

Thus, on the 21ſt of Denne the 
tables ſhew us, that the Sun's declina- 
tion is 231 degrees South : and if his alti- 
tude at noon be taken at London on that 
day by a quadrant, it will be found to be 
juſt 15 degrees; which being added to 23 
degrees of South declination, gives 384 
degrees for the height of the equinoQial, 


 which' height, being ſubtracted from 90 


degrees, leaves 514 remaining, for the 
Latitude of London, as before. Do you 
underſtand all this, Eudofia ? | 

E. I think I do, on account of the reaſons 
you have given for the proceſs.—But I 
will conſider it by and by; and then tell 
you if I find any difficulty. e! 

N. Do fo: and now we will talk about 
the Longitude. The curve lines which you 
ſee drawn on the globe, from pole to pole 
— I. Fig. 1) are called Meridians; 


and 


* 


. 
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and each of them is a meridian to every 
place through which it paſſes; becauſe 
when it comes even with the Sun, by the 
turning of the globe on its axis, the Sun is 
then at the greateſt height, as ſeen from all 
places on that meridian; and conſequently, 
it is then mid-day or noon to each of them. 
—There are only 24 meridian ſemiciroles 
on the globe, at equal diſtances frum each 
other; but we may ſuppoſe the whole 
ſpaces between them to be filled up with 
other ſuch meridians, becauſe every place, 
which is ever ſo little to the Eaſt or weſt 
from the meridian of any given place, has 
a different meridian from that of the given 

place. 0 | A 22 | 
The whole circumference of the equa- 
tor is divided into 360 equal parts or 
degrees: and the "Engliſh aſtronomers. 
and geographers begin (what they call) 
the Longitude, at the meridian of Lon- 
don, and thence reckon the Longitudes 
of other places to the Eaſt or Weſt, as 
the meridians of thoſe places lie Eaſt or 
Weſt from the Meridian of London. 
So 
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So that, the Longitude of any place, - Eaſt 
or Weſt of the meridian of London, is 
equal to the number of degrees inter- 
cepted between the meridian of that place 
and the meridian of London: according 
to the Engliſn way of reckoning. Thus, 
a meridian drawn through Copenhagen in 
Denmark, would cut the Equator 13 de- 
grees eaſtward of that point where the me- 
ridian of London outs it; and a+ meridian 
drawn through Philadelphia, in North- 


America, would cut the equator 74 de- 


grees weſtward of the point Where the me- 


ridian of London cuts it: and therefore, 


we ſay, the Longitude of Copenhagen is 


13 degrees Eaſt from the meridian of Lon- 


don (which lis termed the firſt meridian by 
the Englith);and the longitude of Phila- 

deiphia is 74 degrees, weſt. r 
All people, who know what 1 
= Langitude mean, reckon Latitude to 
begin at the Equator, that they may find 
the Latitude by the elevation of the 
pole ahove the horizon.— But, as they 
may begin the Longitude at the meri- 
dian 
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dian of any place; I ſuppoſe moſt na- 
tions reckon the Longitude of all other 
places from the meridian of the. princi- 
pal city of their own . or na- 
tion. 

E. Why Dis it lo iflicolty a matter to find 
the Longitude of any place, from the meri- 
dian of any other place, in e of 
finding the Latitude? 

N. Becauſe we have a fixt point, or 
pole, in the Heaven, which ſhews us 
our Latitude by its elevation above the 
horizon of our place: but there is no 
viſible meridian in the Heaven, to keep 
directly over the meridian of any place 
on the Earth. —If there were ſuch a me- 
ridian, the Longitudes of all other places 
from it might be as cafily found, by its 
ele vation above their horizons, as their 
Latitudes are found by the elevation of the 
pole, or by the declination of the Sun from 
the equator. 

E. I underſtand you wr hs 8 
But, pray, what are the beſt methods that 
have been yet propoſed for finding the 
Longitude ? 

N. The 


— — ———— 


122 THE YOUNG GENTLEMAN AND 


N. The beſt method; in theory, is by a 
machine that will meafure time exactly, ſo 
as to go as true a how, as a ue ee 
on land. | 

E. Pleaſe to TW this. 

N. The Eatth's circumference is 360 de- 
grees; and as it turns round its axis eaſt- 
ward every 24 hours, it turns 15% degrees 
every hour: for, 24times 15 are 360. There- 
fore, every place whoſe meridian is 15 de- 
grees Eaſt of the meridian of London, will 
have noon, and every other hour, one hour 
ſooner than it is ſo at the meridian of Lon- 


don. Every place whoſe meridian is 30 de- 


grees caſtward of the meridian of London, 
will have noon, and every other hour, two 
hours ſooher than it is ſo at the meridian 
of London; and ſo on: the time always 
differing one hour for every 15 degrees 
of Longitude; On the contrary, every 
place whoſe meridian is 15 degrees Weſt, 
from the meridian of London, will have 
noon, and every other hour, one hour la- 
ter than it ſo is at the meridian of Lon- 
don; and every place whoſe meridian is 

30 
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zo degrees weſt from the meridian of Lon- 
don, will have noon, and every other hour, 
two hours later than it is ſo at the meridian 
of London; and ſo on. | 

E. Although this ſeems plain, I ſhould be 
glad to have it illuftrated by a figure. 

N. And here is one (Ng. 2. of PLATE 
III.) ready for you; in which, let S be 
the Sun, a4 c d e f, &c. the Earth, turning 
eaſtward round its axis, in 24 hours, 
according to the order of the letters. 
Let P be the North pole of the Earth, 
and aP,6P,cP,d P, &c. be as much of 
24 meridian ſemicircles as can be ſhewa 
in the figure, at 15 degrees diſtance from 
each other: and ſuppoſe a P to be the 
meridian of London. 

Then, which ever fide of the Earth 
is at any time turned toward the ſun, it 
will be day on that ſide, and night on 
the other; as expreſſed by the light and 
ſhaded parts of the Earth in the figure. 
And, as it muſt be XII o'clock at noon 
on any meridian which is turned to- 
ward the ſun, at any moment of abſolute 
time, becauſe that meridian will then be 

in 
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in the middle of - the;enlightened half of 
the Earth, as on the meridian P; it is 
plain that it will be twelve olclock at 
night, at the ſame inſtant, on the oppoſite 
meridian 1 P, becauſe it is then in the 
middle of the dark. VI o'clock in the 
morning on the meridian 7 P, and VI in 
the evening on the meridian g E; and 
ſo, all the intermediate hours, on the 
intermediate meridians, at the very in- 


ſtant when: it is noon on the meridian. 


P. So that ſuppoſing P a, to be the 
meridian of London it is plain, that when 
it is XII o' clock there it will be i 10'clock- 
in the afternoon on the meridian P 6, 
becauſe that meridian is paſt by the ſun 15 
degrees, or one hour, to the eaſtward; II 
o'clock in the afternoon on the meridian 
Pe; III o'clock on the meridian PA,; and 
ſo on- But; it can only be XI in the 
forenoon, on the meridian P; when it 
is noon on the meridian P 4; bebauſe 
P. E is then an hour ſhort of being even 
with the ſun : X o'clock in the forenoon 
on the meridian P , becauſe that me- 

1903 Hiw neibliom wn ridian 
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ridian wants two hours of being even with 
the ſun; and fo on. 

Now as every maſter of a ſhip knows 
how to find the time of the day at the 
place of his ſhip, by the height of the 
ſun; or the time of the night by the 
height of any given ſtar that 'revolves at 
a good diſtance from either of the celeſti- 
al poles; if he firſt finds the latitude of 
the place of his ſhip : he may find the 
Longitude of that place in the following man- 
ner, if he can a depend upon the true going of 
his watch, | 

Before he ſets out for any port, as ſuppoſe 
from London, Let him ſet his watch to the 
exact time at that port; and then, let him 
ſail where he will, his watch will always ſhew 
him what the time is at that port from which 
he ſet” out. 

Now, ſuppoſe him to be at fea, on his 
way to the Weſt-Indies; and that he has 
ſailed from London at & as far weſtward 
as x, and then wants to find the Longi- 
tude of the place of his ſhip at x. He 


firſt finds the Latitude of the place x, 
- and 
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and then, by the altitude of the ſun, finds 
the time at that place; which we ſhall 
ſuppoſe to be IX o'clock in the morning 
he then looks at his watch, which ſhews, 
the time at London, on the meridian PA; 
and finds that it is XII o'clock at noon on 
the meridian of London. By this he 
knows, that he is three hours to the 
Weſt of London; and as every hour of 
time anſwers to 15 degrees of Longitude, 
he finds that the meridian of the place 
of his ſhip is 3 times 15, or 45 degrees 
Weſt from the meridian of London. 
And, as every hour anſwers to 15 de- 


grees of longitude, ſo every four minutes 


anſwers to one degree, If he had been 
as far caſtward (as at 4) from the me- 
ridian of London, he would have found 
it to be III o'clock in the afternoon at 
the place of his ſhip, when his watch 
would have ſhewn him that it was then only 


mid-day at London: and fo, in that caſe, he 


would have known that the Longitude of 


his ſhip was 45 degrees Eaſt from the meri- 
dian of London. 


E. This appears to me to be a very 
rational 
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rational and eaſy method of finding the Lon- 
gitude, if a watch can be made that will 
keep exact time at ſea.— Pray, has there ever 
been ſuch a watch made, ſo as that it can 
be depended upon? for otherwiſe I ſhould 
think it very dangerous; becauſe, for every 
four minutes that it would either gain or 
loſe, it would cauſe an error of a whole de- 
gree in reckoning the Longitude. 

N. Mr. Harriſon has ſucceeded the beſt 
of any who ever yet attempted to make 
ſuch a watch. But that watch has been 
found not to keep time quit ſo exactly as 
was expectly, after ſome months trial at 
the Royal Obſervatory at Greenwich. Yet 
it muſt be acknowledged that Mr. Harriſon 
has very great merit, and deſerves the 
reward he has got for his ingenuity : and 
many are of opinion, that he can ſtill 
make a watch that will meaſure time more 
exactly than the one which has been 
already tried (and for which he has got 
the reward), as it is the only one he ever 
made. 

Another method (and which is a very 
ſure 
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ſure one) for finding the Longitude; has 
been practiſed for many years: and that 
is, by the eclipſes of Jupiter's ſatellites ; 
but it is attended with two inconveni- 
ences; firſt, as it requires the teleſcope to 
be quit ſteady,” by Which | thoſe eclipſes 
are "obſerved ; it cannot be put in practice 
at ſea; on account 'of the unſteadineſs of 
the ſhip : and ſecondly, no obſervations of 
theſe eclipſes can be made in the day- time, 
becauſe jupiter is not then viſible. 

E. But I ſhould think it muſt ſtill be 
very uſeful in finding the Longitude of places 


- on the land, where the teleſcope may be 


kept quite ſteady. Pray, explain the me- 
thod by which the Longitude has been — 
found. 

N. The Engliſh aſtronomers have cal- 
culated tables which ſhew the times 
of thoſe eclipſes, all the year round, on 
the meridian of London; and the French 
have done the like for the meridian of 
Paris. Now, ſuppoſe an Engliſhman to 
be at King/ion in Jamaica, and that he ob- 
ſerves either of Jupiter's moons. to be 
eelipſed juſt at One o'clock in the morn- 

ing: 
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ing : he looks at the tables, to ſee at what 
time the ſame eclipſe is on the meridian 
of London; and finds the time there to 
be at 8 minutes after VI in the morning. 
The difference of the times as reckond at 
London and at Kingſton in Jamaica, is thus 
Wund to be 5 hours 8 minutes, or 308 mi- 
nutes; which being divided by 4, (becauſe 
4 minutes of time anſwer: to one degree of 
Longitud8) quotes 77 ſor the. number of 
degrees by which the meridian of Kingſton 
is weſt from the meridian of London: and 
thus he finds, that Kingſton is in 77 de- 
grees of Weſt Longitude from Lafidon. 

E.“ Ybu*have® explained theſe matter 
very fully ; and I thank you for it. 

N. I thought to have done it in much 
fewer words : and am afraid I have quite 
tired you this morning, as you cannot be 
very well after having ſack a bad night. 

E. But I am quite well now, brother; 
and you have finithed in very good time, 
as q the bell Jalt rings for brown.” 109 
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Is AM very glad to re you A early this 


morning; Ezdeſia,—l hope you reſted well 
laſt night, and * no return $i pur late 


complaint. 
Eudoſia. | ſlept: very . dem ten 0 clock 


till five; and am quite well. 
N. I am very glad to hear it —What 
fubject do you purpofe for us to enter 


upon, this morning ? 
E. I 
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E. ſhauld be glad to know the reaſon 
why the days and nights are of different 
lengths at different times of the yar For, 
although tis plain, that the turning of the 
Earth round its axis/ once every a hours, 
muſſ cauſt a continual ſuccrſſion of da and 
night in that time; the fame as if the 
Earth wer at reſt, and the Sun moved 
round it in 24 hours; I do not underſtand 
the rraſon Why the days and nights are 
continually varying in:their lengths, runs 
leſs it were by a/ particular motion of the 
Sun northward and ſouthward, acrofs the 
Equator, in a year. But from hat you 
have already told me, it appears plain, by 
the ſtated laws of nature, that the Sun can- 
not ha ve any ſuch motion. R .v | 
N. Indeed he tha you {hal 

ſoon ſee the reaſon of the different lengths 
of days and nights, and of all the four ſea- 
ſons of the year, without any motion af the 
Sun northward and ſouthward acrofs the 
Equator.— Pleaſe to light that candle, by 
way of n and ſet at; rr the table, 

| 1& 2 conte Yaom whale 
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whilſt 1 ſhut the windows; ſo that we 
may have no light in the room but from 


the candle. 


E. There it is, brother. | 

N. Now, I put a wire axis through our 
ſmall three inch globe, ſo as to reach a 
little way out from its ſurface in the 
North and South poles. 1 move the 
globe round the flame of the candle, 
keeping it always at the ſame” height 
from the table, and its axis perpendicu- 
lar to the table: and you ſee that the 
candle is always even with the Equator 
of the globe, and 3 it Juſt from 
pole to pole. It. 

E. ExaGly ſo. | 171 

N. And that one half of the globe is 
enlightened by the candle, whilſt the 
other half is not: and conſequently, that 
it appears as if it were day on the ſide of 
the globe next the candle, and might on 
the oppoſite ſide. 

E. Very plain. 

N. I now turn the globe round its 
axis many times during the time I 

move 


LADY'S' ASTRONOMY. 133 


move it round the candle as before; and 
you ſee that every part of its ſurface 
from the north pole to the South, goes 
equally through the light and ſhade. So 
that, if the globe was turned round its axis 
once every 24 hours, and carried round 
about the candle once in a year, every 
point of its ſurface from pole to pole, 
would be twelve hours in the light, and 
twelve hours in the dark. 

E. Undoubtedly it would. 

N. Then, you ſee, that ſuppoſing the 
candle to have no motion from one ſide 
of the Equator to the other, and the axis 
of the globe to keep perpendicular to its 
orbit, and its whole courſe round the can- 
dle, the days and nights could never vary 
in their length. 

E. Self- evident. 

N. I now incline the North pole of 
the axis a little toward the candle, and 
turn the globe round its axis.—You now 
ſee that the candle ſhines as far over the 
North pole as the axis of the globe is 
inclined toward the candle; and that all 

| thoſe 
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Chat their days ate longer than their 


do of the dark; and ſo have their * 
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{thoſe places of the northern hemiſphere 
which! go tbrough the dark, go through 
Jeſs of it than they do of the light; ſo 


might: and the candle, being on the 
North- ſide of the Equator, ſhines as far 
ſhort af the South pole, as it ſhines over 
the North pole: and conſequently, all 
the places on the ſouthern hemiſphere of 
the globe, Which go through the light, 
89 through a leſs portion of it than they 


ſhorter than their nights. 
0 But, make the North pole of. the "Axio 
flecline from the candle, and turn the 
globe round its axis; the candle wall 
not. enlighten the globe to the North 
pole, but it will ſhine round the South 
pole. And now, all the, northern places 
of the globe which go through the light, 
go. through leſs of it than they do of 
the dark; _ that 155 days are thorter 
" Equator, and $ ways . on. the South 
ſide of it—You now ſece, that turning 
thes, poles of the Earth alternately, more - 
or 
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fe leſs, toward and from the Sun, will 


have the ſame effect, as if the Sun really 
moved northward and ſouthward, to * 
bannt ſides of the Equator. 


E. It will, indeed. But do the We 
of the Earth incline toward the Sun; and 


from him, in that manner, at r 


times of the year? | 
MN. They do: and here is a * "oy 
{PLATE IV. Fig. 1.) by which the whole 
of that matter . de very ally ex- 
plained. 

Let ABC DEF G H 4 W the 
Earth's orbit (ſeen obliquely, which 
cauſeth it to appear of an elliptical ſhape). 


And let 7 be the earth, going round the 
Sun 5, according to the order of the let- 


ters A, B, C, D, &. once every year. 
Now, ſuppoſe a great cirele Pu p u, 


to be drawn round the Earthy- through 


its North pole P and its South pole Ps 
and let Abe the Equator, * | 


Divide the great circle P @ ID x into 


96 _ parts or degrees; and ſet off 


234 of . theſe degrees from P to u. Then, 


at the Niſtance Pu from the North pole, 
draw 


wt N 
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"M leſs, toward and from the Sun, will 3 
have the ſame effect, as if the Sun really, 
moved northward and ſouthward, to * 
e: ſides of the Equator. 

E. It will, indeed. But do this Ie 
of the Earth incline toward the Sun; and 
from him, in that manner, at different 
times of the year? | Tis 15 | 
VN. They do: and here is a figure, 
{PLATE IV. Fig. 1.) by which the whole 
of that matter ay de * eaſily; ex- 
plained. 

Let ABCDEFG H 4 repreſent” the 
Earth's orbit (ſeen obliquely, which | 
cauſeth it to appear of an elliptical ſhape). » || 
And let I be the earth, going round tho þ 
Sun S, according to the order of the let- | 
ters A, B, C, D, &c. once every year. | 
Now, ſuppoſe a great circle Pu Ip x, [ 
to be drawn round the Earth, through 2 
its North pole P and its South pole 4 | | 

- and let Abe the Equator, \ | | 

Divide the great circle PI A into | 
360 3 parts or degrees; and ſet off 
234 of theſe degrees from P to u. Then, 
at the Niſtance Pu from ths North pole, 

draw 


— 
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draw a circle all round it; which call 


the North polar circle: and ſuppoſe juſt 


ſuch-another circle to be drawn around 


the South pole. 
Make the Earth's axis Pp incline * 


23z degrees toward the right hand fide 


of the plate; and let the Earth I be car- 


ried round the Sun 5, in the orbit A, B, 
C, D, &c. in the time of its turning 3654 


times round its axis: and, in its whole 


courſe, let its axis Pp ftill incline 2343 
degrees toward the right-hand ſide of the 


plate. 
Then tis plain, that when the Earth 


is at J, the whole north polar circle falls 


within the enlightened part of the Earth; 
and all the northern places between the 
Equator 2 and the North polar circle 2 
are more in the light than in the dark: 
and therefore, as the Earth turns round 
its axis, theſe places will have longer 
days than they have nights: and the 
Sun will point as far North of the Equa- 
tor 2 as ſhewn by the ſtraight line R, as 
he ſhines round the North pole P; for 
the diſtance 2 7. northward from the 

Equator, 
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Equator, is equal to the diſtance Pu 
from the North pole; which is 244 de- 
grees.—This is the earth's poſition on 
the 21ſt of June when our days are 
at the longeſt, and nights at the ſhort- 
eſt. 

At the diſtance 2 T (24: degrees 
Northward from the equator )\ deſcribe 
the circle T, round the globe, parallel 
to the equator: and as the Sun is di- 
realy over the circle 7, in the right line 
R, and can never be farther North of 
the Equator; but begins then to recede 
as it were, ſouthward from the circle 7, 
that circle is called he Northern Tropic, or 
limit of the Sun's greateſt North declina- 
tion from the Equator 2. 

As the Earth moves on in its orbit, 
from I to K, its axis P p inclines more 
and more ſidewiſe to the Sun S; as it 
ſtill keeps parallel to the poſition it had 
when the Earth was at /: for Which 
reaſon, the northern places are gradual- 
ly turned away from the Sun; and their 
days grow ſhorter, and their nights 


longer. 
When 


— — 
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When the Earth is at K, its axis P p 
inclines neither toward the Sun nor from 
him; but is ſidewiſe to him: ſo that 
the Sun is then directly over the Equa- 
tor, and fenlightens the earth juſt from 
pole to pple. And, as the Earth's rota» 
tion on is axis then carries all the parts 
of its ſurface—'hetween the poles equally 
through the light and the dark, the days 
and nights are equally long at all places 
of the Earth. This is the earth's poſi- 
tion on the 23d of September. 

As the Earth ' advances from K to L, 
through the part C D of its orbit, the 
North pole P and all the northern places 
of the earth are gradually more and 
more turned away from the Sun S: and 
thoſe places of the northren hemiſphere 
which go through the light and the 
dark, go through more of the dark than 
of the light; ſo that their days become 
gradually ſhorter, and their nights 
longer. Me it 

When the Earth comes to L in its or- 
bit, its North pole P is as much turned 
away from the Sun 5, as it was turned 

toward 
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toward him when the Earth was at 7: 
and therefore, when the Earth is at L., 
the whole North polar circle «4 is in the 
dark; and the Sun points 244 degrees 


(as ſhewn by the right line ) to the 


South of the equator 2; and is then 
over the circle t, which is parallel to the 
Equator, and is called he ſouthern tropic, 
becauſe it is the utmoſt limit of the Sun's 
South declination from the © Equator. 
This is the Earth's poſition on the 21ſt 
of December, when all 'thoſe places in 
the northern hemiſphere, which go 
through the light and the dark, go 
through the leaſt portion of the light, 
and the greateſt of the dark, that they 
can do on any day of the year. And 
therefore, the days are then at the ſhorteſt, 
and nights at the longeſt, in the Northern 
half of the Earth, all the way from the 
- Equator Q to the North polar circle 1; 
within which circle there is no day at 
all. 

As the Barth advances from L to M, 
through the part E F of its orbit, its axis 
P p is gradually more and more turned 

ſidewiſe 
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ſidewiſe to the Sun; the northern places 
fall more and more into the light, and 
their days lengthen and nights ſhorten. And 
when the Earth comes to M., which is on 
the 20th of March, its axis neither inclines 
toward the Sun nor from him, but ſidewiſe 
to him. And then, the Sun is directly over 
the Equator Q. and enlightens the Earth 
from its North pole P to its South pole 
Pp: and as it turns round its axis, (very 
place on its ſurface from pole to pole goes 
equally through the light and the dark: and 
has the day and night of an equal length, 
that is, twelve hours each. | 

Laſtly, as the Earth goes on from M 
to J. in the part G Hof its orbit, its 


North pole P, and all its northern places 


ſrom the Equator & to that pole, advance 
gradually more and more into the light; 
and ſo, have their days longer and 
nights - ſhorter, till the Earth comes to 7 
on the 2oth of June, when the days in 
thoſe places are at the longeſt, and nights 
at the ſhorteſt; becauſe they incline the 
moſt to the Sun that they can do on any 

| day 
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day of the year; and conſequently; they 
then go through the greateſt portions of 
the light, and the leaſt of the dark, all 
the way from the Equator to the North 
polar circle u; within which circle there is 
then no darkneſs at all. 
And thus, as the Earth's axis ſtill in- 
clines toward one and the ſame fide” of 
the heavens, in its whole annual courſe 
round the Sun; as in the figure it does 
toward the right hand ſide of the plate; 
it is evident, that its axis muſt incline 
conſtantly, more or leſs toward the Sun 


during our ſummer half of the year; 


and more or leſs from him during or 


winter-half. That, when it is ſummer 


in the northern hemiſphere, it muſt 
winter in the ſouthern, and the contrary; 
and that there can be no difference 
ſeaſons at the Equator, becauſe it is in 


the middle between the poles, and always 
equally cut in halves by the en of 


light and darkneſs ux. 


E. This very plainly ſhews on EA r 


of the different lengths of days and 
nights, and alſo of all the variety of 


ſeaſons. 
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ſeaſons. But, as I apprehend the matter, 
each pole, in its turn, muſt be con- 
tinually in the light for half a year to- 
gether; and in the dark for the other half: 
ſo that it appears there can be but one day 
and one — 4 at carl? pole, in ths 2 
year. 
N. Lob ure quite my Eudifia: aid have 
told me the _"_ thing that I was about * 
inform you of. Me. | 
E. I came into your e 
about one o'clock ; but you happened 
then to be out: and ſeeing a book lying open 
on your” table, I looked into it; and found 
mention made of the ecliptic, the ins there- 
of, and the Sun's place. Pray, n is the 
celiptie and what are its ſigns? | 
N. If the plane of the — orbit 
were produccd dut to the ſtars, like a 
broad circular thin plate, its edge would 
form a great circle among the ſtars; 
Which great eirele (tho“ only an imagin- 


ary one) we call the Ekliptic. And us the 


Earth mobes in the plane of ſuch a cir- 
cle; in Mad whole courfe round the Sun, 
| | LV - 32 1 62 40 | It 
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it will be always ſeen. from the Sun as 
moving in ſuch a circle among the flars : 
and, at any given time, in the oppoſite 
point of that circle to the point of it in 
which the Sun then appears as ſeen from 
the Earth. So, that, as the Earth goes 
round the Sun once a year, the Sun will 
appear to us to deſcribe a great circle among 

the ſtars, in a year. 1 7d 
Aſtronomers divide thiez circle into 
6 equal parts, called Signs, and _ 
ſign into zo equal parts called Degrees. 
And in'. whatever Sign and Degree the 
Earth would appear, as ſeen from the 
Sun, at any given time; the Sun muſt 
then appear in the oppofite, Sign and De- 
gree as ſcen from the Earth: and the 
part of the Ecliptic in which the ſun's: 
center appears to be, as ſeen from the 
Earth at any given inſtant of time, is 
called be Sun $ FO in be Eclipye, at chat | 
time. * . 
T beſe 1 Yak are 4 N Ariel A 
Gemini, Cancer, Leo, Virgo, Lihra,\ Seorpro, 
Sagittarius, Capricornus, Aguarius, and Fiſeei. 
The month n tA of the gern in 
'::\whieh 


8 11 
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| 
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which. the Sun appears to enter Hes: 
Signs, are as follow. 
Aries, | Tawrus, Canin, Cancer, Le, Virgo, | 
March April Mar June July. Avguſt 
| 20 20 a 21 23 . 
Libra, Scorpio, Sagittarius, Capricornus, Aquarius, Piſces, 
Sept. Octob. Novemb. Decemb, Jan. Feb 
23 ac 20 
E. Then, let me ; ſee; J think I could 
tell, by this, what the Sun's place in 
the Ecliptie is, on any day of the year. 
Each ſign has 30 degrees; this is the 
11th day of july, and the Sun does not 
enter Les till the 23d; ſo that he muſt 
yet be in Cancer. Take 11 from 23, 


and there remain 12; ſo that the Sun 


is how 12 degrees ſhort of the laſt point of 
Cancer; and ae he is in the Tons 
— thereof. 9 4 

N. You are perfectly! right; 5 Anat 1 


think we have e * Or e ay our 


ſabjecs ogy whhonr wank rot hy bo! 
E. And will you allow me, this morning, 
to enter upon any other 11» 
N Why not; and: continue: it too cl ae 
bell calls us to breakfaſt.” | 80 „Kurt 2 
E. Which, I hope, will not be in lefs. 
than half an hour; and till then, I 


ſhould 
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ſhould: be and. to lea Wetbias about 
1 it 1s your 8 to 
aſk. queſtions, and mine to anſwer them. 
E. What is the cauſe of the Moon's 
appearing of ſuch different ſhapes as ſhe 
does to, us every. month, always increaſ- 
ing — change t to Full; and fecresng from 
full to change ? Wk Bf 


VN, Be pleaſed to light the candle avain, 
and; ſet it on yonder table, at the farther | 


end of the room, whilſt I cloſe the window- 
ſhutters. And then, do vou ſtand at a 


good diſtance from the candle, and look 


toward it, asd | 71 
E. Very well, brother er, 3 
N Here is a ſmall ivory globe, with 


2. wire through it, by way of an axis. 
I; will, now move that globe round your 


head; and, as I carry it about, do you 
turn yourſelf round. and keep looking 
at it. Let the candle repreſent the Sun, 
vour head the earth, and the globe the 
Moon. As the candle can enlighten 
only that half of the globe which is 
turned toward it, ſo the Sun can only 

L . enlighten 
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enlighten” that Half" of the Moon which 
is at any time turned toward him. The 
other half is in the dark, and the Moon 
goes round the * in her _ once a 
month. 166 J 2 
As! carry the globe round your head; 
the dark fide of it is toward you when 
4 it is between your head and" the candle; 
| the light ſide when it is carried half 
it - round; or oppoſite: to the candle with 
reſpect to your head; and in the middle: 
| between theſe two poſitions, you have 
i half the light and half the dark fide . 
1 you. 
[] E. Very true.—And 1 thi lobe! 
is between me and the candle, the whole 
| of its enlightened ſide diſappears :\ when 
| you move it a little way from that po- 
| | ſition; I ſee a little of its enlightened! 
fide, appearing horned, like the Moon 
when ſhe is a few days old. When you 
| | carry it a quarter round, 1 ſee half its 
enlightened ſide, which appears juſt like 
| the Moon when ſhe is a quarter old. 
As you move it farther onward,” I ſee 


11 more and more of its enlightened ſide; 
| | | and 


baba AHD e 
and it continues to increaſe liks the Moon, 
till it is juſt oppoſite to the candle, when 
I fee the hole of its enlightened ſice ; and 
then it appears quite round, like the full 
Moon. After Whicli; 1 {ee lefs and left of 
its enlightened ſide, which gradually decrea- 
ſes Tike the Moon, until you bring it again 
between me and the candle; ard then; che 
while of its enfightehed ill difipþeits; as 
before.” 25 N 
N And doth not FE ſhew Ay 
plainly, why” the” Moon muſt appear to 
us to Tereaſe' from the change to the 
full; and decreaſe fro tlie fall” to the” 
change? 2 | 

E. Very plafnly, indeed: and, I think, 
it: atf6” fle that the Moon does not 
ſhitie by my light of ker own'; "but 
only” by lion the Suri's light that 
falls opor” hier. For, if tht ſhone "by" cal | 
own' light; we Houle one ſee her round, 
like the Sum. 1 

N. ur 0 very good and jut 
ſevatiti; Aſter”; and it is 4 remark that” 

a "E205 I might 


5 EWO! 
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I ,, might, poſſible... have forgotten; to. 
make. S10897 961308 Dito 029 
E. But, if you had not 2 Age 
rent appearances, of the moon by means of a 
globe and a candle; how would * have 

done it by a figure? | 
N. Here is a figure for Sas . 
(PLATE. IV. Fig. 2.), in which, let S re- 
preſent the Sun, E the Earth, M the. 
Moon; and 4 bedefgba the Moon's 
orbit, in which ;ſhe ,,goes round the Earth 
from change to change, according to 
the order of the letter, that is, eaſtward in 
the heavens; although the Earth's. daily 
motion round its axis, the ſame way, being 
quicker than the Moon's progreſſive motion, 
makes her appear to go round weſtward... 
When the Moon is at L. between the 
Earth and the Sun, her dark ſide is then 
toward · the Earth; and ſhe'diſappears, be- 
cauſe that ſide reflects no light. When ſhe 
is at N. a little of her enlightened ſide 
will beſſeen from the Earth; and then ſhe 
will appear horned, as at 2. When ſhe 
is te half her enlightened ſide will be 
toward 
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toward the Earth, and ſhe will then ap- 


pear as at o, or in her firſt quarter, being 
then got *a quarter of her orbit out from 
between the Earth and the Sun. When 
ſhe is at P, more than Half of her enligh- 
tened fide is toward the Earth; and "the 
appears (What we can) Gibbous, as at p. 
When ſhe is oppoſite to the Sun, as at 2. 


the whole of her enlightened ſide is toward 


the Earth; and ſhe UPPEArs round and full, 
as at 9. 

E. Let me Herr fe you a little here. 
Pray how can the Sun ſhine upon the Moon, 
when the Earth is directly between her and 
the Sun? For, I ſhould think, that the 
Earth would ſtop the Sun. 8 light from go- 
ing to the Moon. 

N. It does — and then the 
Moon is eclipſed; and ſometimes the Moon 
comes directly between the Earth and the 
Sun at the time of her change; and then 
we ſay, the Sun is eclipſed. But we fhall 
talk of thoſe matters afterward. 
E. I am very glad of it; and now Sir, 


pray proceed. 
N. When 
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. N. When the Moon, 18 1 Ri in her orbit, 


part of her enlightened fide js turned ayay 


from the Earth; and, ſhe appears gibbous 
again, as at r. {When the is at T (three 
Earth and the: Syn) half of her light and 
and half of her dark ſide is toward the Earth, 
and ſhe appears half decreaſed, or in her 


third quarter, as at r.. When the — . * 


in her orbit, the greateſt part af her enligh- 
tened ſide is turned away from the Earth; 
and ſhe appears horned, as at 2. And when 
ſhe is between the Barth and the Sun again, 
as at M, ſhe is quite inviſible; becauſe the 
whole of her unenlightened WE is e to- 
Ward the Earth. 

E. This does well; but Liike- the candle 
and ball till better. 

N. For this very good reaſon, that 


they are more like the warks of nature 
than any figures we can dram on E 
per. 

E. How long is the Moon in going 
round ber orbit from change to change ? 


N. Twenty- 
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UN. Terenty- nin duys, twelve hours, 
nrg minutes, three ſecondy. 


E. And What is * diftance from "the 
Ratth'obeater? dv 

N. Two hundred — forty thou 
Englith miles. 

E. How many times would it takevdrmd 
the WO o ene the "Moon's 
otbit ?- | 
N. Sixty times: att ata; every 
degves of the Moon's orbit is equal in 
length to 60 degters of a great vircde (or 
415 miles) on the Earth's ſurface. 

E. What is the Moon's diameter; 
and in what n is it to he 
Earth's? 

N. The Moos diameter is omit 
miles; and it is in proportion to the 
Earth's nter as 0 are to 855, or as 
20 to 73. 

„. Whiat are thoſs Apen which we lex 
on the Moon ? I think 1 * heard ſome 
people ſay that they are ſeas. 

N. 80 they were ee to dag be- 
fore there wete good "teleſcopes to vie 

the 
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the Moon by; But now they ate found 

to be only darker places of the land in the 
Moon, which do not reflect the Sun's light 

i ſo. copiouſly as the whiter parts do. Fot 
1 we ſee they are full of pits and deep valleys: 
but if they were ſeas, Hibs tiere; have even 
and ſmooth ſurfaces. "ret WOoH A 
E. So they diols . brother. 
| But as it may be known by theſe ſpots 
1 whether the Moon turns round her own 
. axis or not —if ſhe does turn round, I 
„ ſhould be glad to know in what time; 
[| becauſe I ſhould. a know the length 
Il of. her days and nigults. 

ö V. She turns round her axis exadtly 
ü in the time ſhe goes round her orbit; and 
| this we know by her keeping e * 
| ſame ſide toward the Eartn. 

i : E. Then ſhe, can have only one a 0 
* one night between change and change, 
|| or in 29 days, 12 ur 44 es; 3 
Þ ſeconds, of our time. | { nooM ont no 
C | _- Nc Emdly fact 35 hott both et eee 
| | E. And is her axis + inclined to > hoe orbit, 
_— our Harth is to its orbit 

| | - Arp . N. No: 
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N. Non her ais is perpendicular to 
tho ecliptic, in which the Earth moves; 
and wn 1 to her own 
orbit. 
| E. Then * alu and dx muſt 
always be: equally! long; and ſhe can 
have no different ſeaſons ? © 1 34) 
N. Lou are very right, Eudofia. 


E. But pray, brother, how is it poſ- 
ſible: that we can only ſee one and the 
ſame ſide of the Moon, at all times, if 


ſhe turn round her axis? — For, I ſhould 
think, that if - ſhe has ſuch a 3 we 
muſt-ſee all her ſides. 

N. Take up that little globe by. its 
axis, between your foro feen and 
thumb. | POITW | 

E. There it is. 

N. Now, hold its axis, without turning, 
(as you hold your pen when you write) and 
carry it round the ink-horn on the: table. 

Bd, dot 2! | 

N. And do you not ſes; chat as vou 
carry the globe round, without turning it 


at 
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at all on its axis, all ſides are — 
ſhewynito the inkshorn f nnn 

E. Bheycare indedPwume.. 

N. Carry it round the W en 
and try whether you can make it iſtill keep 
one and the ſame ſide toward the ink-horn, 
without turning round on its axis, by 
turning the axis round between your Fore- 
Hager and thumb... 14 4 

E. I find it ane e 
in each revolution of the globe abont 
the-ink-horn, in order to make the globe 
keep: fl the ſame fide toward it, I am 
obliged to turn the axis once round betwixt 
my ſtuger and thumb: and, as the axis is 
fiat in the globe, I cannot turn the axis 


round without turning the globe round 


N. Well, ſiſter, ſeeing that the Moon 
goes round the Earth in her orbit, as you 
carry the globe round the ink-horn; 
is not her keeping the ſame ſide always 
toward the Earth a 2 of her turn - 
ing round her axis? 7 12 8. 


E. It 
ſ 


Lars ASTRONOMY. 55 


E. It certainly is: and I can alſo ſee, 
that as the Sun is on the outſide of the 
Moon's orbit, her keeping always the ſame 
ſide toward the Earth, makes her ſhew her- 
ſelf all round to the Sun between change 
and change. — For, in the time that I car- 
ried the globe round the ink-horn, and 
kept always the ſame ſide toward it; you. 
who were on the out- ſide of the circle in 
which I carried the globe ſo round, ſaw all 
its ſides. 

N. Ypy- are very right. But I am 
ſarry_ to hear our breakfaſt- bell: for we 
have not yet done with the moon. 
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On the 'MOON's motion round the EARTH 
and SUN; and the ECLIPSES of the 
SUN and MOON. 


ſeander. 


So, Siſter ;—1if yeſterday had not been 
Sunday, I believe you would not have 
given yourſelf that day's reſt from your 
aſtronomical ſtudies. 0 

Eudgia. To me, brother, theſe ſtudies 
are recreations, which I eſteem better than 
bare reſt. And, on Sunday we reſt not; 
but are better employed in the duties of 
the day, than we generally are on all the 
other days of the week. 
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N. True; and therein our duty is cloſely 
connected with our intereſt.— Shall we 
now reſume our ſubject a bout the Moon? 
as I told you, laſt Saturday nne that * 
had not done with her. | 
E. If you pleaſe, Sir. | 
N. Then you muſtalways dart K* game; 1 
and when that is done, we will purſue it. | 
E. I think the Moon would always ap- 
pear full as ſeen from the Sun, if ſhe were 
big enough to be ſeen by an obſeryer placed 
on the Sun's ſurface. | 
N. She certainly would; 8 which- 
ever fide of her is turned toward the Sun 
at any time, that ſide would be fully en- 
lightened by the Sun. | NEE” | 1 
E. And I imagine, that if an Fr" on were | 
placed on the fide of the Moon which always | 
keeps toward the Earth, the Earth would 
appear to him in all the different ſhapes that | ; 
the Moon does to us. Only, that when 1 
the Moon is neu to us, the Earth would be "1 
full to the Moon; and when the Moon is { 
Full io us, che Earth would diſappear, or be | 
new to the Moon. [| 
N. What 


— — 
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N. Whit reaſon have you for Uinking 
fo; Eadyfia? 

E. Becauſc, which-ever' ide of the 
Patth or Moon is turned toward the 
Sun at any time, that fide is then en- 
lightened by the Sun. And there fore, 
when the dark ſide of the Moon M (Fig. 
2. f PLATE IV) is toward the Earth 
E, tlie enlightened fide of the Earth is 
then” fully toward the Moon; and muſt 
appear to fer Hke a great full Moon- 
And when the enlightened ſide of the 


Noon at E is folly toward the- Earth, 
the dark fide of the Earth is toward the 


Mon; and therefore it cannot appear 
to the Moon, as the Moon at M does 
not appear” to- us. And farther,” when 
the” mbon appears Half full to us (or in 
her firſt quarter) at O, the Barth! muſt 

appear half decreaſed” to the Moon, be. 

ing tllen Half way between its full! and 
change, 4s" {eert front” Her- Aud laäftly, 
whett”the Moon is in her thi? quatter 


at 7, as en from tlie Ferit Ner- 


muff 


11. Tf 
2 FS 
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muſt! appear as in its firſt quarter t6/the 
Moon ; it being then the middle time bes: 
tweery the 3 wr; aten | r een from 
the moon. % AO 

NV You are a ny ler: and! 
as tlie ſurface of the Earth is 13 times 
as large as the ſurface of the Moon; when 
the Bürt fi is full to the Moon, its ſurfuce 
appears 1 3 times as big to the Moon; as 
the ſurface of the fall moon does to uss 

E If the moon be inhabited on the 
ſide Whieh always keeps toward the Earth,” 
Il think theſe inhabitants: may” as'' eaſily" 
frid® their! rr as* we a ws oe" 
Latitude 3 ibu ei Hoi, 

N Tell me how: and if oe can Sale 
that Out, I fhallcſay you hint very well. 

E. When you® explaiited the Longitude: 
to me vou made me, underſtand, that“ 
if \ there wette! V Viffdle meridian ind the 
Heaven, -*Keepitg” alwWays over one and 
the ſame meridian on the Earth, (which 
it“ woulck de- if* "It Teholved” ted im 24 
bouts. 28 her Kerk „ee) n 

n Enicen 


* 
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of any other meridian of the Earth from 
that ' meridian,; might as : eaſily: tbe. found 
as the elevation of the pole -aboya:-the 
horizon is found.— Now, ſeeing that the 
Moon keeps always one and the ſame 
ſide toward the Earth, tis plain, that the 
Earth will, be always over ani;obſerver's. 
head who is on that part of the Moon's. 
ſurface. which ſeems to us to be cher gen- 
ter. And therefore, if Longi tuen the 
Moon were reckoned from the, meridian 
of that obſerver, thoſe on, all- her other 
meridians on the ſame ſide, Might find : 
how many degr ces lie bet Se theit mar: 
ridian and that which is under the Earth. 
by obſerving how; many degrees the Barth 
is Eaſt or Weſt of their, metidian. But, 


as thoſe inhabitants WO liven nat 


we call the bart of the moon, never ſee 


the Earth; they arę deprived. 1 


method of findiog heir! Longitudes. 


53% ana; nab im! eat of 

N. ruh ſiſter, I, anght ta, mag h 
a very fine; ſpeech: for, that thought: but 
having no talent that way, all I ſhall 
ä ſay 
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ſay is, that I am very well pleaſed by it. 
E. I am very glad to hear you ſay ſo, 


becauſe; you thereby aſſure me that I am 


right.—But now a difficulty occurs to my 
mind, which I beg you will remove. 


N. Only tell it me; and I will remove 


it if I can. 

E. The Moon goes round the Earth 
every month; and as the Earth goes round 
the Sun in a year, the Moon muſt do ſo 
too. How happens it, that the Earth, 
by moving at the rate of 68, ooo miles 
every hour, in its orbit, does not 80 off, 
and leave the Moon behind. 


/ 


N. The Moon is within the ſphere. of 
the Earth's attraction : and therefore, let 


the Earth move in its orbit as faſt as it 


will, the Moon muſt accompany it. For 
you know, that if you put a pebble in- 
to a ſling, and whirl it round your head; 


the pebble will go round and round. 
your head, whether you ſtand ſtill in 


ene and the ſame place, or whether you 


% 4 ad: os 3 _ 
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walk directly forward, or go round the 
circumference of a large cirele. And 
the tendency of the pebble to fly off, 
and the force with which you. hold the 
ſtring to confine the pebble in its orbit, 
will be the fame in one caſe as in the 
other. 

E. I thank you, brother, for having 
ſt me right in this matter; and at the 
fame time for convincing me, by -the 
fmile, that the Moon's. centrifugal force, 
or tendency to fly out of her orbit, is 
equal to the power by which the Earth 
attracts her, and thereby retains her in 
her orbit: for, if her centrifugal force 
were preater than the Earth's attraQion, 
ſhe would fly out of her orbit, and fo 
abandon the Earth. And if her centri- 
fugal force were leſs than the power by 
which the Earth attracts her, ſhe would 
come nearer and nearer the Earth in 
every revolution, and would fall upon it 
at laſt. 

N. I find, dear Eudefo, that you very 


ſeldom need to be ſet right: and when 
I do, 
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I do, you always improve upon it, by 


making farther obſervations. 

E. By the laſt figure. you, explained, 
it would ſeem, that the Moon goes: juſt 
round her orbit between change and 
change. But 1 think, that as both the 
Earth and Moon go round the Sun in a 


year, the Moon muſt not only go round 


her orbit between change and change, 
but even advance as many more degrees 
as the Earth has moved in its orbit 


during that time, in order to be again 


in conjunction with the Sun. For, in 
whatever part of the dial-plate of my 
watch, I find the hour and minute 
hands in conjunction, I obſerve that the 
minute- hand muſt. go as much more 
than round to the ſame point again, be- 


fore. it overtakes the: hour-hand, as tho 
hour-hand advances: in the interval be- 


tween its laſt eim gg with the mi- 

nute-hand and its next. PE 
N. You are very kth and Jour in- 
ference” from the hour and minute-hands 
of a watch is full as good as. mine 
M 2 from 
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| 
| 
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from the pebble and Ning. I drew a figure, 
laſt Saturday afternoom, in order to ex- 
plain this matter to you by it. But, as 
you underſtand the thing ſo well already, 
we have no ocaſion for the figure. 

E. Nay, brother ! —I beg you will ſhew 
me the figure, aud explain it too, if +a 
time wilt permit. 

N. Then, here it is: (PLATE V. Fig.1) 
Let ABCDEFG be one half of the Earth's 
orbit; which wilt do as well for us, 
juſt now, as if the whole of it had been 
drawn. Let S be the Sun; 4 the earth, 
the Moon when new, or between the 
Earth and the Sun; and 7 I/ the Moon's 
orbit, in which ſhe goes round the Earth 
according to the order of the letters b 7 
E I: and let the Earth, together with the 
Moor and her (imaginary) orbit, go. round 
the Sun in a year. © 

Draw a diameter” E % of the Moon“, 
orbit, when the Earth is at a; ſo as, if 
that line were continued, it would go 

on ſtraight to the Sun's center &: tis 
| Flein, that when the Moon is in the end 
þ of 


} 
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.S. W line, ſhe muſt be new, or be⸗ 
torn the Earth and the 8 un. 
W the Earth moves on, from 4 to b, 
* Sto c frem c o , from. d to e, 
Mill continue parallel; to the poſition & 6, 
that it had When the Earth was at 3. 
that is, it will always keep, perpendicu- 
lar to the bottom line Hof the plate. 
And therefore, if it. pointed once. toward 
a fixed ſtar, whoſe diflagce, from the, Sun 
is ſo great, that, the hole diameter of 
the Earth's orbit bears no ſenſible propor- 
tion to that diſtance (which is rcally the 
caſe) ,. the point would always, keep be- 
tween the Earth and the lame ſtar : 
I underſtand, vouν. v,, well: 2 
4 gon; ſay: Thefters are fired? 
N. I do ſay ſo; cin con vine you 


eee that they are. 1.4% 07 > mo Zn 
r cheg pardon, for ioteruping Don 
ſo often. Pray, now. proceed. 


V. In the time the Moon 3 round 
from & toi again, inthe direction i +, 
ſhe goes quite aund her orbits. which 
Mel would always ade between change 

102 and 


2 r 
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and change, if the” Berth dar rg tetmain- 
* at a. 100 

But as the Tech: YES as 4 in 
its orbit as from à to ö, between any 
change of the Meon and the next that 
ſuccerds it: *tis plain, that when the 
Earth is at 5 and the Moon new at m, 
he will have gone more than round her 
orbit from b to b again, by dhe ſpace 


5 , And as all circles, be they ever 


1 great or ever ſo ſmall, contain 360 

degrees 9 a degree being not limited by | 
any certain number of miles, büt by the 
length of the zöcth part of a citele) the 
ſpaces h n, by which the Moon has gone 
more than round her orbit, from ber 
change at ö to her change at „ will * 
tain juſt as many degrees and parts o 

a degree, as the Barth has ara in lat 
time, from à to 6 in its orbit. 

At the ſecond change * moon 
from b, the Earth will be at c, and the 
Moon at a: by which time ſho will have 
gone twice round her orbit from 5 0 5 
again, and as much more ag the ſpace 


or part b of her orbit contains, which 
Sus conſiſts 
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eonſiſis of as many degrees as the part 


a b c of the Earth's orbit does. —And ſo 


on, through the whole figure. 5 

E. I fee all this very plainly; aid 
that the figure includes fit changes of 
the Moon, as from 5 to m, from # to n 
from x to o, from o to p, from # to q, 
and from to But, at the loft of theſe 
changes, it ſeems (by the figure) that 
the Earth has not gone half way round 
the Sun: for the laſt Tine of conjunction 
S r is not quite even with the Art line 
of eon junction a 8. 
NV. Nor ſhould it be; for if it be 
rightly drawn (and 1 find I muſt take 
care how I draw figures for you), „ it muſt 
want 51 degrees of the Earth's 
five motion in half 2 year. e a ſix 
courſes of the Moen, from change to 
change, contain only 197 days, 4 hours, 
24 minutes, 18 ſeconds, which wärt 
5 days, 7 hours, 38 minutes, 42 ſe- 
cords, of 182 days, 12 hours, which 
is the half of a common year. Aud, in 
hand differetiee of time, the Earth move 
| ſome- 
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1 ſomewhat. more than 5 4 in its or- 
883 
E. I remember you told me that the 
time from change to change is 29 days, 
12 hours, 44 minutes, 3 ſeconds: Pray 
in what time does the Moon aner 
her orbit ? TOES 
VN. In 27 days, 5 hours, 43 nhaw. 
s ſeconds. 
E. And how far doth the Earth move 
inc its orbit between change and change | 
af the Moon? | 
N. Twenty-nine 23 ths * 
twenty-five ſeconds . And here you are 
to underſtand that a minute is the 60th 
part of a degree, and a ron is the both 
* of a minute. 
E. Then, 'tis plain, that AER, 1 
2 change, the Moon goes 29 degrees, 
6 minutes, 25 lecondgy, more 00 n 
x her ores; it og) 
1 VN. True Budefa 3 — now FR 5205 
| ils. to: tell you farther, on; t this ſubjeR, 
| | that the Moon;s going round her orbit is call- 
j eil her periodical; revelation; and that her 
f going 


ATT C1 9 
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going round from change to chunge is called her 
B cal revolution. 


E. I thank you, Sir, fs having told | 


me ſo much. — But are you not tired at 
preſent with hearing and anſwering my 
queſtions ? | 

N. Very far from it -I love theſe ſub- 
jects; and my talking with you about 
them will keep me from forgetting them. 

E. Then, I ſhould be exceeding gla@® to 
know ſomething about eclipſes. 

N. You ſhall know that very ſoon.— 
In Fig. 2. of PLATE V. let & be the ſun 
M the Moon, and E the Earth; 36 C 4 
the Moon's orbit, in which ſhe moves 
according to the order of the letters; and 
C 4 Da part of the Earth's orbit, 
wherein it moves in the direction C D.— 
the Moon is new when ſhe is at * and 
full when ſhe is at w. 

Draw the ſtraight line 4 e E. . the 
n edge of the Sun, cloſe by the 
eaſtern: edge of the Moon, to the earth 


E: then draw the ſtraight line Be E. from 


the weſtern edge of the Sun, cloſe by the 
weſtern edge of the Moon, to the Earth 
| E. Let 


9 
— — _— CA 
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E. Let theſelines be ſuppoſed toturn round 


the middle line FME; and the ſpace e 
within them, between the Moon and the 
Earth, will include the Moon's dark ſhadow, 
which is of a conical figure, (like an invert- 
ed ſugar-loaf) and covers only a ſmall part 
of the Earth's ſurface at E: and only from 


that ſmall part, the Sun will be quite hid 


by the Moon, and appear to be totally eclip- 
ſel and it can be quite dark oniy at that part, 
becauſe the Moon ſtops not the whole of 


' "Sun's lig ht at that inſtant of time, from 


any other part of the Earth —Tis evident 
that if the Moon were nearer the Earth, her 
dark ſhadow would cover a large part of its 
ſurface : and if ſhe were farther from the 
Earth, her ſhadow would end in a point, 
ſhort of the Earth's ſurface; and then, fhe 
could not hide the whole body of the Sun 
from any part of the Earth; and thoſe who 


were juſt under the point of the dark ſha- 


dow, would ſee the edge of the Sun, like 
a fine luminous mins, al wu tho you pert 
the Moog. 1092167 nh 65) 
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But although the Moon can hide the 
whole body of the Sun, only from a ſmall 
part of the Earth, at any time, when the 
Sun appears to be thus eclipſed by the Moon; 
yet, in all ſuch Eclipſes, the Moon hides 
more or leſs of the Sun. from a very large 
portion of the Earth's ſurface. For, 

Draw the ſtraight line 4 fo from the 
3 edge of the Sun, cloſe by the weſt- 
ern edge of the Moon, to the Earth at 6. — 
Then draw the ſtraight line B fn from the 
weſtern edge of the Sun, cloſe by the eaſtern- 
edge of the Moon, to the Earth at xn. Let 
theſe lines: (47s and Byãn be ſuppoſed to 
turn round the middle line FME, and their 
ends (n and e) will deſcribe a large circle on 
the Earth's ſurface, around E; within the 
whole of which circle, the Sun will ap- 
pear to be more or leſs eclipſed. by the 
Moon at M. as the places within that 
cirele are more or | leſs, diſtant from its 
center E, where the dark ſhadow falls. 
or, when the Moon is at M. an obſer- 
31 the Earth at z, will ſee the caſtern 

þ edge 


= 
D - — = 
—— - +» $4 Ate. i. 4 a 4 2 : - - 
en, 0g a 1 —— — 


; 
* 
; 
| 
| 
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| round the dark one, from n to o, on the 


the * 
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edge of the Moon, juſt as is were, touching 
the weſtern edge of the Sun at B; and an 


_ obſerver at o will fee the weftern edge of the 


Moon, juſt, as it were, touching the ea- 
ſtern edge of the Sun : but to all the places 
between u and o, the Moon will hide a part, 
or the whole of the Sun, according as they 
lie between n and E, or between o and E, 
or directly at E.— This faint ſhadow, all 


Earth's furface, is called the nen or 
* partial ſhadow of the Moon. 
E. How many miles are outside in 


the diameter of the circle which the . 


bra fills, on the Earth's ſurface? |: $117 

N. About 4, when its n file 
directly in a right line from the Sun's cen- 
ter to the Earth's, at a mean rate. But 
when the Penumbra falls obliquely on the 
Earths ſurface, its figure thereon will be el- 
liptical ; and then, the ſpace that it covers 
will be much larger; eſpecially if the 
Moon be then at her eaſt Glance froih 


E. What 
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E. What! brother; is not the Moon's 
diſtance from the Earth always the 
ſame? | | 

N. By no means : for the Moon's orbit is 
of an elliptical (or oval) figure ; and every 
ellipſis has two centers, which-are between 
the middle and the ends of its longeſt diame- 
ter; and the Earth's center is one of the 
centers (or, as they are called, focuſes) of the 
| Moon's elliptical orbit. —So that when I 
formerly told you, that the Moon's diſtance 
from the Earth's center is 240, ooo miles, I 
only meant her mean (or middle) diſlance be- 
tween her greateſt and leaſt diſtances. 


E. Then I underſtand, that the Moon's 
_ diſtance from the Earth muſt be continu- 


ally changing. — But ſuppoſing the Sun 
to be eclipſed when the Moon is at her 
leaſt diſtance from the Earth; what is the 
diameter of the ſpot upon the Earth's ſurface 
that would he quite covered by the Moon's 
dark ſhadow ; from all parts of which ſpot, 
the Sun would be totally hid by the 
Moon ? Aft 

N. About 180 miles. 


E. As 


= . _ 
m 8 _ 
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E. As the Moon's diſtance from the 


Earth is little more than a 396th part of the 


Sun's diſtance from it, (as 1 have computed) 
] ſuppoſe the Moon's ſhadow at the Earth 


will move almoſt as faſt as the Moon 
tmves in her orbit. Pray, in what time 


will the dark part of the ſhadow move 
over about 180 miles of the Earth's 
ſurface? 


N. In four minutes and a half; and 


would go over that ſpace ſooner, if the 


Earth's motion round its axis, (which is eaſt- 


ward, and conſequently the ſame way that 
the Moon's ſhadow goes over the Earth) 
did not keep the place on which the ſha- 
dow falls, longer in the ſhadow than it 
would be, if the Earth had no ſuch 
motion. 

E. Then an e of the sun can 
never continue total, above four mi- 
nutes and an half, at any place of the 
Earth? 

N. It never can, even when it falls on 


the Equator, where the parts of the 


Earth's ſurface move the quickeſt of all. 
And when it falls upon any part of 
Britain; 
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Britian, whoſe motion is flower, becauſe it 
is nearer the motionleſs pole, it would be 
ſooner over. 

E. How then could th Sun be darkened 
ſo long as three hours, at the time of our 
SAVIOUR's crucifivion, as it is mention- 
ed to be in the Goſpels ? 


N. There 1s no way of accounting for' 


that darkneſs, upon aſtronomical principles: 


for it was entirely out of the common courſe 


of nature ? 


N. How do you prove that it was out 


of the common courſe of nature? 

N. Becauſe our Saviour was crucified on 
a full Moon day; and then, the Moon be- 
ing oppoſite to the Sun, could not poſſibly 

hide the Sun from any part of the Barth. 
E. ſhould be very glad to know how 
you can prove, that the crucifixion was on 
a full Moon day. . 

N. Becauſe it was at the time of the 


Paſſover; and the Paſſover was 1 kept 


at the time of full Moon. 
E. You have made this very clear. 


And now; if you pleaſe, I ſhould: be 


— OEEn——_y + ec—_ 5 
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glad to have the cauſe of the Moon's eclipſes 
explained. te 
N. In the ſame figure, draw the 
ſtraight line Ag c from the Eaſtern edge 
of the Sun, cloſe by the eaſtern edge of 
the Earth at g; and the ſtraight line B h & 
from the weſtern edge of the Sun cloſe by 
the weſterm edge of the Earth at x. Let 
theſe two lines be ſuppoſed to turn round 
the middle line FM n, and they will in- 
clude the ſpace between the part which is 
filled by the Earth's ſhadow n c & þ—'Tis 
plain, that, when the Moon is at m in her 
orbit, ſhe is totally covered by the Earth's 
ſhadow and eclipſed by it; as it muſt then 
fall upon her, becauſe the Earth is between 
her and the Sun. | 
E. But how is it, that the Moon is 
at all viſible, when the Earth muſt en- 
tirely ſtop the Sun's light from falling 
upon her; and ſhe has no light of her 
own? For, the ſame fide of the Moon 
that is toward the Earth at her change, 
is alſo toward the Earth at her full.— 
And, as we cannot ſee her at the change, 
1 gud” think we could not fee her 
when 
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when ſhe is totally eclipſed; becauſe that 
ſide of her which is dark in the former caſe, 
when the Sun cannot ſhine upon it, ſhould 
be as dark in the latter, when the Earth in- 
. tercepts the Sun's rays from it.—But the 
Moon was very viſible in her laſt total eclipſe ; 
for I ſaw her, and ſhe appeared of a colour 
ſomewhat like that of tarniſhed copper. 

N. You are very ſhrewd in your remarks, 
ſiſter ,-and I will tell you why the 
Moon is not inviſible when ſhe is totally 
eclipſed. | 

The air, or at moſphere, which ſurrounds 
the Earth, to the height of about 47 miles, 
is the cauſe of this. For, all the rays of 
the Sun's light which paſs through the at- 
moſphere, all round the Earth, in the boun- 
dary (gb) of light and darkneſs, are, by the 
atmoſphere, bent inward, toward the middle 
of the Earth's ſhadow : and thoſe rays, ſo 
mixed with the ſhadow, fall upon the Moon, 
and do enlighten her in ſome ſmall de- 
gree. She reflects the rays back to the 
Earth which fall upon her, and ſo ſhe 

| N is 


Moon can never be eclipſed but when ſhe 
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is viſible only on that account. For, if the 
Earth had no atmoſphere, its ſhadow would 
be quite dark ; and the Moon would be as 
inviſible, when ſhe is totally immerſed 
therein; as ſhe is at the time of her 
change. 

N. I thank you, brother, for all theſe in- 
formations ; but I ſtill want more. 

N. Only fay what they are; and [ _ in- 


form you if I can. 

E. I ſee plainly by the An that the 
Sun can never be eclipſed (in a natural 
way) but at the time of new Moom ; becauſe 
the Moon's ſhadow cannot fall upon the 
Earth at any other time; and that the 


is full; - becauſe that is the only time when 
the Earth's ſhadow can fall upon her. But 
though we have a new and a full moon in 
every month of the year, I find my almanack 
mentions but very few eclipfes ; and gene- 
rally, about half a year between the times 
of waar happening. 

If the Moon's orbit abi TP lay 


3 even (or in the ſame plane) with 
the 


LADY'S ASTRONOMY. 179 


the Earth's orbit C 5 4 D, as it is drawn on 
the flat paper, the Sun would be eelipſed at 
the time of every new Moon, and the Moon 
at the time of every full. But one half of 
the Moon's orbit lies on the North- ſide of 
the plane of the Earth's orbit, and the 
other half on the South; ſide of it: and con- 
ſequently, the Moon's orbit only croſſes the 
Earth's orbit in two oppoſite points. — 
When either of theſe points are between the 
Earth and the Sun, or nearly ſo, at the time 
of new or full Moon, the Sun or Moon 
will be eclipſed accordingly. But at all other 
new Moons, the Moon either paſſeth above 
or below the Sun, as ſeen from the Earth : 
and, at all other full Moons, the Moon ei- 
ther paſſeth above or below the Earth's ſha- 
dow. One of theſe points is called the A 
cending Node of the Moon's orbit; becaufe, 
when the Moon has paſt by it, ſhe aſcends 
northward, or to us, above the plane of the 
Earth's orbit; and the oppoſite point is 
called the Deſcending. Node of the Moon's 
orbit; becauſe, as ſoon as ſhe has paſt by 


it, ſhe deſcends ſouthward ; which, to us 
in 
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in the northern parts of the Earth, is below 


the plane of the Earth's orbit. 
E. Suppoſing that either of theſe nodes 
were between the Earth and the Sun juſt 


now; how much time would elapſe before 


the other could be ſo? 

N. It would be juſt half a year, if a line 
drawn from the one to the other kept always 
parallel to its preſent poſition (like the 
above-mentioned diameter of the Moon's 
orbit, & b, in Fig. 1.): but the nodes move 
backward or toward the Weſt, contrary to 
the Moon's motion eaſtward in her orbit, at 
the rate of 193 degrees every year.—So that, 


from the time of the Sun's being in conjunc- 


tion with either of the Moon's nodes, to 
the time of his being in. conjunction with 
the other, is only 173 days, 7 hours, 3 mi- 
nutes. 

E. As there muſt be Sing diſtances from 


_ theſe nodes, within which the Sun and 


Moon muſt be eclipſed ; I ſhould be glad 
to know what theſe diſtances are ? 
N. They 
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N. They are only 17 degrees for the Sun, 
and 12 for the Moon. 

E. Now, let me ſee-—The Moon's 
whole orbit contains 360 degrees; of which 
there are only 17 on each fide of each node, 
within which the Sun may be eclipſed. 
Twice 17 is 34, about one node, and there 
are as many about the other: in all, 68 de- 
grees out of 360, for eclipſes of the Sun. 
And, as there are 12 degrees on each ſide of 
each node, within which the Moon can be 
eclipſed, there muſt be no more than 48 de- 
grees in all out of the whole 360, for the 
eclipſes of the Moon. Am I right brother? 
If Lam, tis no wonder that we ſhould have 
ſo many new and full Moons, and ſo few 
echpſes. 

N. Lou are quite right, Eudoſia; and 1 
am very glad to find that you make ſuch a 
quick progreſs. 

E. I know that the times of eclipſes 
may be calculated before-hand, becauſe 
Iſee they are always predicted in the 
almanacks. Can you calculate them ? 
I. AN. Yes. 

E. I 
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E. I wiſh you would teach me to do ſo 
too, if you think I have a ſufficient Ra 
for that branch of ſcience. 

N. You have much more; and 1 will 
inſtruct you with pleaſure; for you have 
not only learnt the four common rules of 
arithmetic, but even as far as the Rule of 
Three — And, in theſe calculations, no far- 
ther arithmetic is neceſſary than aadition and 
ſubtraction. But you mult learn firſt to cal - 
culate the times of new and full Moons. 

E. That I will do, with very 9885 * | 
ſure. | 
NM. Then we will ſet W it to-morrow 
morning, if you pleaſe : but the whole will 
take up a week at leaſt : during which time, 
we muſt ſuſpend our uſual confabulations. 
E. I wiſh to-morrow! were come already. 

N. You' remember the book which you 
ſaw a few days ago in this room; in 
which you told me you had taken notice 
of ſomething concerning the Ecliptie and 
its ſigns. Did you . at the pee 
of that book? 0s 


E. I 
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E. remember the book very well; but 
did not look at the title-page. 

N. It is Ferguſon's Aſtronomy. I ſent for 
it to Mr. Fones's ſhop No. 86, Dame- Street, 
Dublin, on purpoſe to make you a pre- 
ſent of it. There it is; and I am ſure 
you are qualified to read and underſtand it. 

E. I heartily thank you, dear Neander for 
this preſent. | 

N. There are in it plain and eaſy tables 
and precepts for calculating the true times 
of new and full moons and eclipſes. And, 
if you have any ſpare time to-day, I wiſh 
you would begin, by yourſelf, to read the 
precepts, and compare them with the tables, 
and with the examples of calculation. 
And then, if you find. any thing difficult, 
mark it; and I will help you out to-morrow 
morning. Mean time, if there be any 
thing elſe, which you would have us 
to talk about, before we are called to break- 
faſt, (which is later than uſual to-day) tell 


me what it is. 
| N2 } 
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E. I wiſh I underſtood the cauſe of the 
ebbing and flowing of the ſea. But now the 
bell begins to ring for us. 

N. Very well.—Be here in about an hour 
after breakfaſt. EY 4 
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DIALOGUE VIL 


On the CAUSE of the EBBING and 
FLOWING of the SE A. 


Neander. 


Yo U are very punQual, ſiſter.--I have 
drawn out ſome figures for you ſince break- 
faſt; and, juſt as you entered the room, 
I was putting the laſt letter of reference to 
them. Here they are. 

Eudaſa. I thank you, brother; and do 
ſuppoſe that, by theſe figures, you intend 
to explain the cauſe of the ebbing and flow- 


ing of the Sea, 
N. I do.—In Fig. 1. . of PLATE VI. let 


ABCDA be the Earth, all covered with 


water except the top of an iſland A 4. 
Let 


— 


* ng 


x86 THE YOUNG GENTLEMAN AND 


Let the Earth be in conſtant motion, turn- 
ing eaſtward round its center E, every 
24 hours according to the order of the 
letters ABCD; and let M be the Moon, 
moving eaſtward in her orbit O o, as 
from M to o, in 24 hours, 50 minutes. 
You know that the Earth and Moon are 
within the reach of each othet's /attrac- 
tion; and therefore, as the Earth attracts 
the Moon, ſo the Moon re-attracts the 
Earth. 5 | 

E. Sou: Sir. 

N. Do you remember my telling you, 
ſome days ago, that the attraction dimi- 
niſhes, as the ſquare of the diſtance from 
the attracting body increaſes ? 1 

E. I remember it very well. 

N. Then you know, that the Moon 
muſt attract the ſide 4. of the Earth 
which is neareſt to her (at any time) 
with a greater degree of force than fhe 
_ attracts the Earth's center E; and that 
ſhe attracts the center E. with à greater 
degree of force than ſhe attracts the fide 


C of the Earth, which is then fartheſt 


from her. 
E. Certairily. 


> ww 
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E. Certainly. 
N. And that the Earth and moon would 
fall towards one another, by the power 


of their mutual attractions, if there was 
nothing to hinder them: and that the 
Moon would fall as much faſter toward 


the Earth than the Earth would fall toward 


the Moon, as the quantity of matter in the 


Earth is greater than the quantity of mat- 
ter in the Moon. 


E. Undoubtedly ſo: becauſe every par- 


ticle of matter attracts with an equal de- 
gree of force; and therefore, the body 
which has the greater quantity of matter 


muſt attract the other with ſo much the 


greater degree of force. 

N. Well done, Eudefia, Let us now 
ſuppoſe the Earth and Moon falling to- 
ward each other. The earthy parts of 
our globe being connected, and coher- 


ing together, would not yield to any diffe- 


rence of the Moon's attractive force; but 


would all move equally faſt toward the 
Moon: as if a cord were tied to each end 
of a great folio book on the table, and you, 


ſhould 


ny —„- — . ——— . - 


— 2 — —— 
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ſhould pull one cord with the force of 
four pounds, and I pull the other cord. 
the fame way with the force of eight 
pounds, ſo as to move the book; all the 
parts of it will move equally faſt, 
notwithſtanding the different forces by 
Which you and 1 pull it. But the wa- 
ters are of a yielding natute; the coherence 
of their particles being very ſmall: and 
therefore, they will be differently affected 
according to the different degrees of the 
Moon's attractive force, at different dit. 
tances from her. | 2 

And therefore, as the waters, at 4 are 


more attracted by the Moon than the Earth 


is at its center E, they move faſter toward 
the Moon than the Earth's center does; 
and conſequently, with reſpect to the 
Ezrth's center, they riſe higher toward the 
Moon, as from A to a: and as the center E 
moves faſter toward the Moon, than the 
waters on its ſurface at C do; the waters 


| at'C will be, as it were, left behind: and 


conſequently, with reſpect to the center E, 
they will be raiſed, as from C to c. * 
4 of | E, 80 


| 
| 
| 
| 
| 
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E. So far, I underſtand you perfectly 
well. 3 

N. But as there is ſtill the ſame quan- 
tity of water on the whole Earth, the 


waters cannot riſe at one place without 


falling at  another.—And therefore, the 
waters muſt fall as low at & and d as they 
riſe, at the ſame time, at a and c: ſo that 
an obſerver placed over E, at a diſtance 
from. the Earth, would ſee the ſurface 
of the waters not of the round ſhape AB 
CD, as they would be jf the Moon did 
not diſturb them by her attraction, but of 
the elliptical ſhape 4 0 c d. 

Then, as the Earth turns eaſtward 
round its axis, tis plain, that when the 
iſland A à is at A, it will be in the high 
water, under the Moon M: when it is at 
B, it will be in the leu water, ſix hours 
from under the Moon: when it is at C, 
it will be in the hig water again, twelve 
hours from under the Moon: and when 
it is at D, eighteen hours from being 
laſt under the Moon, it will be in the 


aun watel again. So that, if the Moon 


had 
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had no progreſſive motion in her orbit 
O o, but kept always in the ſame right 
line 4 M, the ifland A à would have two 
ebbings and two flowings of the Sea wy 
24 hours. | 

E It would. But I find the tides are 
put down, in my almanack, later every 
day than on the day before. And now, 

I apprehend the reaſon of this to be, that ; 
as the moon goes eaſtward round her orbit 

in a month, and the Earth turns eaſtward 
round its axis every 24 hours; the Moon 
makes part of a revolution in the time that 
the Earth makes 4 whole rotation: and 
therefore, the Earth muſt turn as much 
more than round its axis, before the ſame 
and can come even with the Moon 
again, as the Moon has advanced in her 
orbit during that interval of time. 

N. You are right, Eudeſia:— for, in the 
time of the ifland's revolving from 4 
to A again (in the direction A BC DA 
which is 24 hours; the Moon moves 
from M almoſt to o in her orbit: and 
therefore, after the iſland has come 

round 


— 
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round to A again, it muſt move on from 
A to e, before it can be in the middle of 
the tide of flood the next day, under the 
Moon, which will have then moved from 
A to 0. 


E. How long is the ifland in moving 


from A toe? 


N. Full 50 minutes: and ſo much later 
are the tides every day than they were on 


the day before. The ſailors call it only 
48 minutes; and it would be exactly ſo, 
if the Moon were 30 compleat days and 
nights going round from change to change. 
But as the time is only 29 days, 12 hours, 
54 minutes; 3 ſeconds, (at a mean rate) 
ſhe muſt move a little farther every day 
than ſhe would if ſhe took the full 30 days: 


and this difference is equal to about 2 mi- 


nutes of time, of the Earth's motion on its 
axis. 55 

E. Then as the Moon goes round her 
orbit, from change to change, in 294 days 
(in round numbers) the iſland 4 à can 
only come 283 times round from the Moon 
to the Moon again, in that time; and 
confequently 
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conſequently, it can have no more tha n 
twice that number of tides of flood, at 4 
and c; or 57 tides of flood, and as many 


of ebb between change and cha age of 


the Moon. 

N. Vou are very right: and conſequent- 
ly, in two courſes of the Moon, from 
change to change, which is 59 days, 1 
hour, 28 minutes, 9 ſeconds, there are 
only 57 double tides of flood and as many 
of ebb. | 

E. This account of the tides would be 
extremely natural, and eaſy to be un- 
derſtood, if the Earth and Moon were 
continually falling toward one another. 
But ſeeing that the Moon's motion in 
her orbit gives her a centrifugal force, 
equal to the force with which the Earth 
attracts her, ſhe cannot fall toward the 


Earth at all. And, from what you told 


me, in our ſecond dialogue, about the 
Earth and the Sun; I ſhould think, that 
if the Earth itſelf did not deſcribe a 
ſmall orbit round the common center of 
gravity between it and the Moon, in the 
time the Moon goes round her orbit, 

the 
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the ' Moon's attraction would take the 
Earth away, as it could have no centri- 
fagal force to balance her attraction. 

N. Dear faſter, you cannot imagine 
how much pleaſure it gives me to talk 
with you on theſe ſubjects; on account 
of the proper inferences and applica- 
tions you make.—The Earth and Moon 
do really move round the common cen- 
ter of gravity between them, every 
month: and it is that center of gravity 
that deſcribes the very orbit in which the 


Earth's center would move round the 


Sun in a year, if the Earth had no Moon 
to attend it. 

E. You may thank yourſelf, Neander, 
for all thoſe inferences and applications ; 
as they only reſult from your explana- 
tions, and leading me ſo gradually on, 
from one ſubjet to another. But pray, 
how many miles is it from the Earth's 
center to the common center of gravity 
between the Earth and Moon? Undoubt- 
edly that diſtance, compared with the 
Moon's diſtance from the Earth's center, 


muſt be in proportion to the quantity of 


O matter 


194 THE YOUNG GENTLEMAN AND 


matter in the Moon compared with the 
quantity of matter in the Earth.—lf you 
will tell me how much greater the 
quantity of matter in the Earth is, than 
the quantity of matter in the Moon, I 
will try to compute how far the com- 
mon center of gravity between them is 
=. From the Earth's center. 
V. the Earth's quantity of matter is 
775 40 times as great as the Moon's. _ 
| . FD. Very well. — And the Moon's mean 
diſtance from the Earth's center is 
240, 00 miles. — Now, I divide 240,000 
by 40, and the quotient is 6000; which, 
I think, muſt be the diſtance of the com- 
mon center of gravity between the Earth 
and the Moon, from the Earth's center : 
and that the ſaid common center of gra- 
vity muſt always be in a right line be- 
tween the centers of the Earth and 
Moon; becauſe both theſe bodies move 
round it. Am I right, brother? 

N. Indeed you are: and, before we 
talk further about the common center 
of gravity between the Earth and the 
Moon, I will endeavour to illuſtrate this 

affair 
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affair about the tides to you, in a different 
manner from what I had done. For 1 
find, that even if I had intended to ex- 
plain it by the falling of the Earth and 
Moon toward each other, you - would 
have juſtly believed that I was miſlead- 
ing you. 

Here is a circular hoop (Fig 2.) ABCD, 
of thin plate braſs. You ſee it is very 
flexible: for, as I pull out the parts 4 
and C to @ and c, the parts B and D fall 
into 4 and 4; and the hoop becomes of 
the elliptical ſhape a 6 c d. 

E. True ;—and juſt like the ſhape of 
the ſurface a 5 c d of the water, (in Fig. 
I.) as affected by the Moon's attraction. 

N. But, if I quit my hold of the hoop 
at à and c, it will return to its former 
circular ſhape A B C D. | 

E. I ſee it does, now you have left it 
at liberty. | 

N. And, if the Moon's attraction 
ſhould ceaſe (Fig. 1.) the waters a be d 
would return, from their elliptical ſhape 
4 b c d. to their former round ſhape 4 


B C P. 
O2 E. Ves; 
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E. Yes, for they would run from the 
higheſt parts a and c to the loweſt parts 
5 and 4, till their ſurface was equally 
diſtant from the Earth's center E, all 
around, | | 

N. Now, I tie the end A (Hg. 2.) of 
the ſtring AH to any part, as A of the 
circular hoop A BCD, and take hold of 
the other end H of the ſtring with my 
hand. If I whirl the hoop round my 
head like a fling, what do you think | 
will happen? 

E. Why ; the hoop will endeavour to 
fly off, as a pebble in a fling would do. 

N. True; but do you think that all 
the parts of the hoop will then have an 
equal tendency to fly off? 

E. Let me conſider I think they 
will not. For, as the part C will go 
round your head in the ſame time as 
the part A, but faſter, becauſe it is fur- 
ther diſtant from your hand; I ima- 
gine that the part C will have as much 
more tendency to fly off than the part 
A has, as its diſtance from your hand is 


eatcr. 
* N. Exactly 
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N. ExaQly ſo, becauſe it will move 
ſo much faſter, as the circle it deſcribes 


is larger. Now obſerve, I whirl it round 


my head. What ſhape is it now of? 
E. It is of the elliptical ſhape @ 6c d. 


N. Yes, for the tightneſs of the ſtring 
draws out the fide next my hand, from 
A to a; and the centrifugal force of the 
other fide throws it out as far, from C 
to c. And now, if an inflexible circu- 
lar ring (like the rigid Earth} 4 BCD 
ſhould like upon the elliptical hoop-e 6c d. 
and turn 29 times and an half round 
the center E, in the time the hoop and 
circle - were moved once round my head; 
would not any point, as A, of the cir- 
_ cular ring, come ſucceſſively even with 
the higheſt parts @ and c of the elliptical 
hoop, and with the loweſt parts 6 and 4 
of it; as the ifland 4 4 (Fig. 1. J comes 
to the high water at @ and 5, and the 
low water at e and 4, by the Earth's 
motion- on its axis ? 

E. It would. And I think that Fig. 3. 
is ſomewhat analogous to Fig 2. 


N. It 


= 
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N. It is very much ſo; and now is 
the proper time to explain Fig. 3. 
Let ABC D be the Earth, M the Moon, 
Oo part of the Moon's orbit, and G the com- 
mon center of gravity between the Earth 
and the Moon, round which both theſe 
bodies move, once a month; the Moon 
in the direction O o, and the Earth in 
the direction E b. By this motion, all 
the parts of the Earth will have a cen- 
trifugal force, or tendency to fly aff in 
or parallel to the line A EC: and the 

centrifugal force of the each part will be 
directly in proportion to its diſtance from 
the common center of gravity G; be- 
eauſe tlie ſpace through which | theſe 
parts move, will be refpectively as their 
diſtance © from G; that is, as the ſemi- 
diameters of thoſe circles which they all 
deſcribe - in tlie ſame period of time. 
Thus, the centrifugal force of the point 
A will be as the line 46; the centri- 
fugal force of the center E will be as 
the line E G; and the centrifugal force 
of the point C will be as the line CG: 
for the point A deſcribes the ſmall circle 


Art 
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Aefg 4 in the time the point E de- 
ſcribes the larger circle Ei E, and in 
the time the point C deſcribes. the ſtill 
larger circle CI m n C; which is in a 
month; and in that time, the Moon goes 
round her orbit O o. 
The Moon's attraction at the Earth's cen- 
ter E exactly balances the Earth's centri- 
fugal force at E; and conſequently retains | 
the center E in the orbit EHE E. But 
her attraction at A is greater than at E, 
and leſs at C than at E. So that where 
the Moon's attraction is greateſt, as at A, 
the centrifugal force is leaſt ; and there- 
fore, the exceſs of attraction cauſeth the 
water to riſe, as from A to a, on the fide 
of the Earth which is at any time 
neareſt the Moon M. But, at C (the fide 
which is then fartheſt- from the Moon) 
the attraction is leaſt, and the Centri- 
fugal force greateſt : and therefore, the 
waters will riſe as high from C to c, by 
the exceſs of the centrifugal force there, 
as they riſe on the oppoſite fide from A 
to à by the exceſs of the Moon's attrac- 
tion. Are you ſatisfied now, Eud:/ia ? 
E. 


SS % IL ——_— 
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E. 1 was ſadly afraid, that the riſing 

of the tides on the ſide of the Earth 
which (at any time, by its motion on its 
axis) is turned away from the Moon, 
would be very difficult to account for. 
But you have made it juſt as plain, that 
they muft riſe as high on the fide of the 
Earth which is oppoſite to the Moon, as 
they do on the fide which 1s under the 
Moon. Did you ever fee this confirmed 

by any experiment ? 

N. Yes; I have ſeen Mr. Fergufen do 

it, to the ſatisfaction of every obſerver, 
by a plain experiment in one of his 
machines, called the Vbirling Table ; and 
he, is the firſt that ever did ſo. He bas 
given a full account of it in his Lectures on 
Mechanics, Hydroftatics, Pneumatics, Optics, 
with the uſe of the Globes, and the Art of 
Dialing. In that book, there are plates 
of all his machines for the above pur- 
poſes. I | ſhall ſend for it from Mr. 
 Wiltams's ſhop to-morrow, and make you 
a preſent of it, on account of the quick 
progreſs you have made in ä F 
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and then you can by yourſelf, learn a 


courſe of experimental philoſophy. 

E. Indeed, brother, you lay me un- 
der ſo many obligations, that I ſhall never 
be able to make you any proper return 
for them, But there is one thing, that 
I had almoſt forgot to aſk you. Pray, 


what is meant by the ſpring and neap 


tides ? | 

N. The Earth is ſo ſmall in compariſon 
of its diſtance from the Sun, that the 
Sun's attractive force is nearly equal on 
all parts of. the Earth: and therefore, 
there can be but little difference between 
the centrifugal force on the fide of it which 
is next the Sun, and the centrifugal force 
on the oppoſite fide. But ſtill there is 
ſome difference, as the Earth moves on in 
its orbit. And therefore, if the Earth had no 
Moon to attend it, there would be ſmall 
tides occaſioned by the Sun. Conſequent- 
ly, when the Sun, Moon, and Earth are 
all in a right line (which they are at the 
time both of new and full Moon) their 


joint actions concur , and ſo, raife the tides 


higher 


| 
, 
\ 
| 
4 
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higher at theſe times than at any other: 
and thoſe are called the Spring Tides. But, 
when the Moon is in her quarters, her 
action on the tides is crc/5-4crſe to the Sun's x 
for then the Sun is in a line with the hw 
water, and his action keeps the tides: from 
falling ſo low there, and conſequently 
from riſing ſo high under and oppoſite to 
the Moon, as they would do by the action 
of the Moon, if the Sun did not diſturb 
them at all; and theſe are called the neap 
Tides. 8 
E. T underſtand you very well; and do 
ſee plainly, that a ſtraight line drawn from 
the Moon's center, through the Earth's 
center, would be in the higheſt part of tab 
| tides on both ſides of the Earth. | 

N. You are a little miſtaken in that 
point, Eudefia; which may be owing to 
its being fo repreſented in the figures. 
But, I am ſore you would not have been 
ſo, if you had remembered what I told 
you in our firſt dialogue; namely, that 
all bodies which are put into a ſtate of 


motion will perſevere in that motion, 
| till 
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till ſomething ſtops their courſe. If you 
put water into a baſon, and give it a little 
ſhake, and then ſettle the baſon ſudden- 
ly; the water will riſe a little further, 
on the ſide to which you gave it the mo- 
tion, after the baſon is ſettled again, than 
it did in the inſtant when you ſettled 
it. Pray, have you forgot your fall in 
the boat, when it ſtruck againſt the bank 
of the river ? 
E. I have not, brother; and the infe- 
rence 18 plain, 7 ts 
N. It is: and therefore you know, that 
when the waters are put into a riſing 
ſtate of motion by the action of the Moon; 
they would riſe a little higher, if the 
Moon were annihilated at the inſtant of 
her being on the meridian, even of a place 
where ſhe was directly over head. But 
you are ſtill to conſider farther, that al- 
though the Moon's attraction at any place 
is greateſt when ſhe is on the meridian 
of that place, becauſe ſhe is then the near- 
eſt that: ſhe can be to the place on that 
day; yet her attraction at the place does 
not then ceaſe, but continues for ſome 
| | time 
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time after ſhe has paſt the meridian : and 
this continuance of attraction, though 
weaker, will cauſe the waters to keep on 
in their riſing ſtate, till the attraQion juſt 
balances the tendency of the waters to fall 
back again. . 

E. I thank you, brother, for ſetting me 
right, But, pray, how long is the Moon 
paſt the meridian, when the water 1s at 
the higheſt ? EN 

N. If the Earth was covered all over 
with water, ſo as the two eminences of 
the tides at @ and c might regularly fol- 
low the Moon; fhe would always be 
three hours paſt the meridian of any 
given place; when the tide was at 'the 
higheſt at that place, But as the Earth 


is not all covered with water, and the dif- 


ferent capes and corners of the land run 
out all manner of ways into the oceans and 
ſeas; the regular courſe of the tides is 
much "interrupted thereby; and alſo by 
their running through ſhoals and channels. 
So that, at different places, the tides are 
higheſt at very different diſtances of 
the Moon from the meridian. But, at 
whatever diſtance the Moon is from the 
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meridian, on any given day, at any place, 
when the tide is at its height there; it will 
be ſo again on the next day, much about 
the time when the Moon is at the like diſ- 
tance from the meridian again. 

E. You have quite ſatisfied me about 
the tides: and now I will go to my room 


and ſtudy Ferguſon's method of calculating 


the times of new and full Moons. 


DIALOGUE 
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"DIALOGUE Ix. 


On ibe. fixed ST ARS, and SOLAR and 
SIDER AL TIME. 


Neander. 


Wuarar is the matter, ſiſter ?—Sure- 
ly you could not have gone to your room 
and returned, ſince you left me. 

Eudofia. I had ſcarce gone out of bis 
room, when ſomething came into my 
mind, which was, that you promiſed me, 
ſome days ago, to demonſtrate that all 
the Stars are at reſt. And leſt I ſhould 
forget it again, I now beg leave to remind 


you of it, if you have leiſure at preſent. 
N. For 
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N. For that, I refer you to Ferguſon's 
aſtronomy : and, before you have read the 
firſt three chapters, you will not only be 
convinced that all the Stars are at reſt; 
but alſo that they are Suns to innume- 
rable ſyſtems of planetary worlds, as our 
Sun is to its own ſyſtem of planets. 

E. What? other Suns, and planetary 
worlds belonging to them! You amaze 
me | 

N. The Deity is infinite in all his per- 
fections: and as he has power enough 
to create and place Suns and worlds 
throughout the whole infinitude of ſpace, 
ſo he has goodneſs enough to induce him 
to do it. But now, if you pleaſe, I will 
tell you of ſomething which I did not 
think of before; namely, to inform you 
of the difference between Solar and Sideral 


time. 


E. You ſpeak too learnedly for me juſt 
now, brother; and it is the firſt time you 
ever did ſo. 

N. Solar time is the time meaſured by 
the Sun's apparent motion round the 
Earth; and Sideral time is the time 

| 2 meaſured 


— 
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meaſured by the Stars in their apparent 
motion round it. 

E. Now I underſtand you : and have 
often obſerved, that if any Star be ſeen, 
juſt, as if it were over a neighbouring 
chimney, at any hour in the night ; in 
a week afterward, the ſame Star is ſooner 
ſeen over the ſame chimney. 

N. True: and in 365 days, the ſtars 
ſrem to have made 366 revolutions about 
the Earth; ſo that they gain one hour 
every 24th part of the yearjupon the time 
ſhewn by a well regulated clock. And 
therefore, every Star comes almoſt four 
minutes ſooner to the meridian, every ſuc- 
ceeding day or night, than it did on the 
day or night, before. The real differ- 
ence is 3 minutes 55 ſeconds and 54 fix- 
tieth parts of a ſecond, So that, if one 
clock ſhould be ſo well regulated as to ſhew 
the time to be XII at noon this day, and 
on the 365th day afterward; and another 
clock ſhould be ſo regulated as to ſhew 
the time 'to be XII every day or night 
when any given Star is on the meridian ; 
on latter _ would gain 3 minutes 

55 ſeconds 
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55 ſeconds and 64 ſtxtieth parts of a 
ſecond upon the former, in each revolution 

of the ſame Star to the meridian- 
N. What is the reaſon of bis? 
E. Much the ſame as that of the 
Moon's” going (round her orbit in leſs 
time than ſhe goes round from change 
to change, or from between the Earth 
and the Sun to the ſame poſition again: 
as I explained to you, by Fig. 1. of 
PLATE V. laſt Monday morning, in 
our Seventh Dialogue: Aad we may 
make the ſame figure do for the preſent 
ſubject. Lou remember I told you that 
the whole diameter of the Earth's orbit 
is but as a point, in compariſon to the 
diſtance of the Stars; which is the lame, 
as to ay, that a globe of 190 millions of 
miles in diameter, Which would fill the 
Earth's orbit, would appear no bigger 
than a dimenſionleſs point, if it were 
ſeen from any of the Stars and the 
preſent ſubject will prove this to he true. 
N. Lam far e doubting the truth 
% e d biuovr 7 
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of your word; but I ſhould be very glad 
to ſee the demonſtration, 

N. Then, here it is. Let the Earth 
be in what part of its orbit it will, we 
always find the interval of time (by the 
beft clocks that are made) between any 
Star's revolving from the meridian to 
the meridian again, to be equal through- 
out the whole year: which it could not 
be, if the Earth's changing its place by 
a whole diameter of its orbit, bore ,any 
ſenſible proportion to the diſtance of the 
Stars. For then, if the hour and minute- 
- hands of a clock ſhould revolve exactly 
366 times from XII to XII again (there 
being ſuppoſed to be 24 hours on the 
dial-plate) in the time of the Star's 
making 366 revolutions from the me- 
ridian to the meridian again; and the 
hands be ſet to the uppermoſt XII, when 
any given Star is to the meridian on the 
2iſt of December; then on the 2oth 
of March afterward, when the hands 
were at the ſame XII as' before, the ſame 


Star would be a little on the Eaſt fide of 
the 
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the meridian, if the Earth's orbit were 
of any ſenſible bigneſs in proportion to 
the diſtance of the Star; and a little on 
the weſt ſide of the meridian, when the 
hands were at XII on the 23d of Sep- 
tember; but we never find any ſuch dif- 
ference. | 

E. To me, your demonſtration is fel 
orient. 

NM. Then, you are convinced, prom: 
when the meridian of any place has re- 
volved from any Star to the ſame Star 
again, the Earth has turned abſolutely. once 
round its axis; becauſe the ſame me- 
ridian has revolved ſo, as to be again 
parallel to any fixed plane, to which it 
was parallel before, when the ſame Star was 
upon it:? 20 101 

E. I am. 

N. Very well, ſiſter. — in Fig. 1. 
of PLATE V. let $ be the Sun, 4B CDE 
FG one half of the Earth's orbit; let the 
circle þ 7 E be the Earth (at the top of 
the figure) and à + the meridian of London, 
which we ſhall ſuppoſe to be at 6. 

Let the ſtraight line ah 8 be produced 

hs onward, 


\ 
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onward, to five or fix miles beyond the Sun 
Sy as'ſeen'from b; and let a Star be placed 
at the farthermoſt end of that line— Then, 
the diſtance of the Star from the Sun will 
be ſo great, that the Earth's orbit AB C, 
&. will bear no ſenſible proportion there- 
to, if it were viewed from the Star; and 
therefore, to an obſerver on the Earth at b, 
the Star will appear as even with the line 4b, 
when the Earth has got a quarter round 
its orbit from 4 to d and the meridian 
4b parallel to the poſition it had at à b, 
as When the Earth was at à in its orbit: 
So that, let the Barth be in what part 
of its orbit it will, the Star will always 
be upon the meridian of the place h, when 
thas meridian has revolved to the fame pa- 
rallel poſition again; which it will alway 
do in the time of the Earth's erg e 
ly round its axis. 
Undoubtedly it will. * 
N. Now, ſuppoſe the Barth to ail 
van in its orbit from à to b, in the 
time that it turns once round its axis; 
and —_— the Ow g 7 mw will bo 
bavuboto 2d 2 If parallel 


„18 7 
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parallel to tlie poſition it nad ut 4 b, When 
the Sun and Star were erh even with itz ot 
as we ſay, upon it, Ad sibi 21 0 

Then it is plain, that when the Barth 
is at 5, and "the meridian 3 has revolved 
from the Star to the ſtar again, it muſt red 
volve further on; from 5 to n before it can 
go round from the Sun to the Suri again at 
S. And the are, or part 5 of the Ban 
circumference bears the ſame ptoportion to 
the Earth's whole circumferenct, that the 
arc, or part a h, of the circumference of the 
Earth's orbit” beats to ir 190 eircum - 
feretice. * id 5:80 Ie 
When the Barth is at 4 te erat and' 
the fame meridian © hb comes cen with the 
Star the ſecond time, the meridian muſt te- 
vdlve from þ to n before it cau bè even with 


the Sun Wu of the Sun be N 77 i; the 


ſecond time. 
When the Earth is at 4 A Chet 


round its orbit from a, and the meridian” - 


4% is even with the Star; the meridian 


will want fix hours of being even with” 
tlie Sun in the tight line 40 „ , and the 
1 place 
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place 4+ muſt re yolve 6 hours, or through the 
arc h of go degrees, done the Sun can be 
on its meridian 4 b. | 

And conſequently, when the Earth has 
gone half round its orbit, the fame meri- 
dian will be even with the Star 12 hours be- 
fore it revolves to the Sun; and when the 
Earth has gone three quarters round its or- 
hit, the meridian will be even with the 
Star 18 hours before it comes to be even 
with the Sun - 

And laſtly, when the Earth has gone 
quite round its orbit, its rotation on its axis 
will have brought the ſame meridian once 
more round from the Star to the Star again, 
chan from the Sun to the Sun again. —80 
tha let that year contain how many days 
it will, as meaſured by the apparent re vo- 
lutions of the Sun from the meridian to the 
meridian again, it will contain one day more, 
as meaſured by the apparent ef 
that Stars. 
tara, . the Earth —— its axis is. loſt 
in a year with reſpeA to the number of 
ſolar days in the year, becauſe the Earth's 
motion on its axis is the ſame way as its 
9 motion 
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motion round the Sun. For to bring any 


meridian round from the Sun to the Sun 
again, the Earth muſt turn as much more 
than quite round its axis, as bears a propor- 
tion to the ſpace it moves in its orbit 
in 24 ſolar hours. And therefore, to make 
the year contain 365 ſolars days and nights, 
the Earth muſt turn 366 times round its axis. 

N. You are right, Eudgſia.— Now go to 
your aſtronomical tables and precepts; and 


try Whether you can calculate the time of 
new. Moon in July 1748 old ſtile.— If you 
find any difficulty, come and tell me of it. 

E. I thank you brother; and make no 


doubt but that I muſt ſoon ſee you again. 


DIALOGUE 
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* Neander. 


WELL, liſter ; you kept quite 
alone, all the time yeſterday after you 
left me: and as you did not return this 
morning before breakfaſt, as uſual, I ſent 
to enquire about your health : and the maid 
told me that you were very well; but fo 
mych engaged with your book and pen, 
that ſhe was almoſt afraid to ſpeak, for fear 
of diſturbing you ; as you took no notice 
of her when ſhe came into your room. 


Eudofia. 
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Vuhfin. Indeed, brother, I have been 
very much engaged; and ſcarce took time 
fo eat either dinner or ſupper. | | 

N. So J obſerved : and now, pray, whit 
have you been doing? 10 

E. After locking à Ittle at Mn 
tables for calculating” the ks times of 
new and full Moons, and finding ſome 
expreſſions in the titles of the tables which 
I did not underſtand, namely, the an 
Anomalies of the Sun and Moon; I fead 
the former part of the 19th chapter of 
his book, in Which I not only found rb 
terms explained to my ſatisfaction; but 
alſo the principles on whichithe tables are 
conſtructed: and, on /agcount of what 
you have already told me about the at- 
trations of the Sun, Moon, and Earth, 


I think 1. underſtand the * = 


abby well. 

N. I can _ory caſily ae your word for 
that, Eudoſia. 

E. Having read the . ad: com- 
pats them with the tables and examples 
of calculation, I then tried to calculate the 
true times of ſome new and full moons 

6 which 
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of the Moon; which is much eaſier to be 
done than to project an eclipſe of the Sun. 
—] will firſt tell yon ſome things, by 
which you will underſtand the reaſon why 
all the different parts of the conſtruction of 
a ſolar eclipſe muſt be as we lay them 
down; and then proceed to conſtruct the 
Sun's eclipſr which fell on the 14th" of 
July 1548, as it appeared at | London; 
You know, it is but à few days ſince 
yon covered one of the panes of glaſs 
in the window of your room with gum 
water ; and; when it was dry, you placed 
yourſelf about a foot from tlie glaſs 5 and; 
keeping your head ſteady; you delineated 
a landſkip on the glaſs, with your black 
lead pencil, of all the diſtant objects which 
youſaw through the glaſs, drawing them 
on thoſe patts of the glaſs which were juſt 
between them and your eye ; as if the pen- 
eil had touched the objects themſelves. 
E. I have often done fo't then drawn 
them with ink (which the gum water 
exules to Oy and enen laid 4 paper 
| [34 over 
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over them on the glaſs, and traced them 
thereon with the black lead: pencil. 
N. Now, | ſuppoſe the Equator to be a 
viſible! circle on the Earth, and that a 
circle is drawn through any place (as ſup- 
poſe London) parallel to the Equator : that 
the Earth had an axis put through it, pro- 
jecting out a good way from its ſurface at 
each pole; and that there was a viſible: 
line drawn perpendicular to the plane of 
the ecliptic or Earth's orbit, which line 
would be called the axis of the ecliptic. 


Imagine all theſe things would be viſie 


ble to an obſerver at the Sun; and ſup- 
poſe' yourſelf to be there, holding a pane: 
of glaſs between you and the Earth; and 
delineating the figure of the Earth thereon, 
with its axis, Equator, the circle parallel 


to the Equator paſſing through London, 


and the axis of the ecliptic. | Then, 


& e on teins n e fd. 


weſt to eaſt; the places on its ſurface. 
would appear to you to move as froru 
your left hand toward your right; and 


4 . 


3 — — tt - 
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you would ſee London as moving over 


the Earth in the circle which is drawn 


through it, parallel to the Equator. And, 
when the Moon is new, and eclipſeth 
the Sun from any part of the Earth, you 
would ſee her between you and the Earth, 
as paſſing over it from left to right hand, 
the ſame way as it turns on its axis: 
and you would fee a great part of the 
Moon's penumbra or partial ſhadow, all 
around her (as it were) like a dark brown- 
1h ring, travelling with her over the 
Earth. 

As the Sun ſhines round the North pole 
of the Earth, from the 2oth of March to 
the 23d of September, you would ſee that 
pole all the while in the enlightened part 
of the Earth's diſc (or flat round ſurface, 
as it would appear to you; like as the Sun 


and Moon do to us): and from the 22d 


of September to the 20th of March, the 
ſame pole would be hid from your eye- 
ſight, behind: the viſible and illuminated 
diſc of the Earth; becauſe it is in the dark 


all that time. 
| If 
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If a ſtraight walking ſtick be placed at 
a diſtance from you, and inclining either 
directly toward you or from you, it will 
appear to you to be upright: but, if it in- 
clines either toward your right or left hand, 
you will perceive it to do ſo. Therefore, 
when the Earth's axis inclines either direct- 
ly toward you or from you at the Sun, it 
will appear to you to be perpendicular to 
the plane of the Earth's orbit or ecliptic; 
and to comcide with the axis of that plane. 
But, when the Earth's axis inclines more 
or leſs fidewiſe to the Sun, the northern 
half of it will appear to you to incline-from 
the axis of the ecliptic,, toward your right 
or left hand; and the ſouthern half to in- 
eline the contrary way from the axis of 
the ecliptic : for then, theſe two axis will 
ſeem to'croſs each other in the Nene . 
of the Earth's axis. | * 
Now, as the Earth's axis „ really riclies 
234 degrees from a perpendicular to the 
plane of the Earth's orbit, and always keeps 
inclining to one and the ſame ſide of the 
Heavens, in the Earth's whole courſe round 

the 
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the Sun; it will appear in different poſi- 
tions of inclination to the axis of the eclip- 
tic, as ſcen from the Sun, at different times 
of the year; the North pole being ſome- 
times toward your right hand from tlie 
axis of the ecliptic, and at other times 
toward your left hand from the axis of the 
ecliptic; conſtantly varying the apparent 
angle of its inclination, eee to the 
time of the year. 

From the 2 iſt of Devwmabaes to the my 
of June, the North pole of the Earth's 
axis lies. toward the right hand from the 
axis of the ecliptic, as ſeen from the Sun; 
and moſt of all ſo on the-2oth of March. 
From the 21ſt of june to the 21ſt of 
December, the North pole of the Earth's 
Axis lies more or leſs to the left hand, as 
feen from the Sun; and moſt of all ſo on 
the 23d of September. 

AE. wih you would be Pa good as to 
write dawn theſe matters for me when 
yqu are at leiſure; n nn 
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N. You may depend upon it that I will; 
eſpecially as they are the very principles 
on which we are now about to conſtruct 
an eclipſe of the Sun: which is, in the 
firſt place, by delineating a figure of the 
Earth, with its axis, Equator, Sc. ac- 
cording to their poſitions as ſuppoſed to 
be ſeen from the Sun (or from the Moon 
juſt between the Earth and the Sun) at 
the time of the eclipſe. Now, we will 


go to work, according to your calculated 
elements. 


Make a | ſcale, as y A C (PLATE VII. 
Fig. 1. ) almoſt half the length of the 
paper intended for your projection, and 
divide it into 60 equal parts at leaſt, 
reckoning each part to be one minute, or 
a ſixtieth part of a degree. Then, 
take the ſemidiameter of the Earth's diſc, 
53 minutes 32 ſeconds, (or 535) from the 
ſcale, in your compaſles; and with that 
extent, ſet one foot in the end C of the 
ſcale, as a center; and with the other foot 
deſcribe the ſemicircle A D B, for the cir- 
cumference of the northern half of the 


Q Earth's 
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Earth's illuminated | diſc or ſurface, be- 
cauſe we live on the North ſide of the 
Equator: and continue the line y A C on 
to B; ſo A C B ſhall be a portion of the 
Ecliptic equal to the diameter of the Earth 
as ſeen from the Son or Moon at that 
3 
From the center C, raiſe the line C D E. 
perpendicular to 40 B; and call the ny 
CDA the axis of the ecliptic. 
Divide the quadrants A D and D cach 


into 9o equal parts for degrees, beginning 


at D. Then connect the points E and G 


(which are 234 degrees on each ſide of DB) 


with the ſtraight: line EFG; in which 
line, the North pole P of the Earth's diſc 
will always be found. 
Set one foot of the compaſſes in the 
point F, where the line E FG interfects 
the axis of the EclipticCD H; and, hav- 
ing extended the other foot from F to E, 
or from F to G, deſcribe the ſemicircle 
EH, and divide its quadrant H E into 
9 equal- parts for degrees, becauſe the 
Earth's: axis lies to the! leſt hand from the 
axis of the Ecliptic, as ſcen from the 
Sun in the month jquly.—If the Earth's 
axis 
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axis had lain to the right hand from the 
axis of the Ecliptic, the quadrant ¶ G muſt 
have been divided into go degrees, and 
not the quadrant HE. 

As the Sun is 34 degrees 42 mids 
40 ſeconds (which may be eſtimated 32 
degrees and four-ſixths, or two-thirds, 
of a degree) from the neareſt (or ſummer) 
ſolſtice, which is the firft point of Cancer, 


on the noon of the i4th July 1748, drawn 


the tight line J P, parallel to H D, from 
321 degrees of the quadrant H E till it 
meets the line E F G at P: then, from 
P to C, draw the right line PO; ſo P C 
ſhall be the northern half of the Earth's 
axis, and P the North pole. 

As the Sun is on the North fide of the 
Equatot in July, and confequently nearer 
the point of the Heaven juſt over Eondon 
(or the vertex of London} than the Equator 
is; ſubtract his declination, 19 degrees 35 
minutes (neglecting the 21 feconds) from 


the Latitude of London, 51 degrees 30 


minutes, and the remainder will ve 31 des 
Q. 2. grees 


8 


—— f L r — — 
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grees 55 minutes for the Sun's diſtance 
from the vertex of London on the noon of 
July the 14th. | 
From the point & (in the right * fide 
of the ſemicircle 4 DB) at 31 degrees 
35 minutes counted upward from B draw 
the right line 4 /, parallel to C D: and 
taking the extent & / in your compaſſes, 
ſet it from C to XII on the Earth's axis 
C P. So, the point XII ſhall be the place 
of London on the Earth's diſc, as ſeen 
from the Sun, at the inſtant when it was 
noon at London on the 14th of july 1748. 
Add the Sun's declination, 19% 35% to 
the Latitude of London 510 30', and the 
ſum will be 71 degrees 5 minutes, for the 
Sun's diſtance from the vertex of London 
on the 14th of July at r | * here- 
fore, 18 | 
From 71 5, counted SGH in the 
right hand fide of the ſemicircle A DB 
from B to n, draw the right line m n pa- 
rallel to C D. Then, taking the extent 
mn in your compaſſes, ſet it from C to- 
wards or beyond P on the Earth's axis 
CP, as it happens to reach ſhort of 
P or 
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P or beyond. it: but in, the nia caſe, 
it reaches ſo little: above P. that we may 
reckon C P to be its whole extent; and 
ſo, che point P ſhall repreſent. the place 


or ſituation of London at midnight, ee 
the illuminated part of the Earth's diſe, as 


ſeen from the Sun; and e in 


the dark part thereof. 
Divide the part of the Earth's axis be- 


tween XII and P into two equal parts, 
XII X and PK: then, through the point 


K, draw the right line VI KX VI perpendi- 
cular to the Earth's axis C XII X P. 


Subſtract the Latitude of London, 51 


30% from 90 o and there will re- 
main 381 for its Co-lati tude, Thea. 


from 38, counted upward from B to 
vin tbe ſemicircle 4 DB, draw the 


right line v w;/ and, having taken its length 


in your compalles, ſet off that length both 
ways from K in the Earth's axis to VI and 


VI, in the line VI K VI. 
Now, to draw the parallel of Latitude 
of London, or its path on the Earth's 


diſc, as ſeen from the Sun, from the 
| time 
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time of Sün-riſe till the time of 'Sun-ſet 
| ol London; proceed as follows. 

The compaffes being opened how K 
to VI, ſet one foot in X, and with the other 
foot deſeribe the ſemicircle VI 7.8 9 10 11 
12 1 2 3 4 5 VI, and divide jt into twelve 
equal parts!” Then, from the diviſion- points 
(78.9. &cg.) draw the right lines 74 80 ge 
120 '&©. all parallel * 10 the ne axis 
0 2 as in- the arr. 

Set one foot of the conipalits tn. KE 
and with the other foot defcdibe"the ſe- 
micircle PL XII, and divide its g. 
XII Z into fix 7 parts, as at , 


the North f ſide of the r | 
had been” on the South ſide of "it; 

padrant” P , (and not the qu ran XII 
14 muſt have been fo divided. . 


Thropgh the ſaid divifion-points of the 
quadrant XII E, draw the right lines 
XIII, X 2 II. IX 3 Ift, VIII I IV. and 
VII 12 V. all parallel to the Yight] line 
VI K VI; and, through the Points 
where theſe lines meet the former pa- 

rallel 


kor ASTRONOMY, "UT jp 
rallel lines 7a, 85, ge, od, &, draw 
the elliptical curve vr vi vm I X XI 


XII I II II IV V VI, Which "may be 
done by hand, from point to 2 and 


ſet the hour-letters to thoſe points Where 


the right lines meet in the curve, as in 
the figure. This curve ſhall reptefent 
the parallel of Latitude of London, or, 
the path which London (by the Earth's 
motion on its axis) appears to deſcribe 


on the earth's diſc, as feen from the Sun 


on the 14th of July, from VI in the 


morning till VI at night: and the points 
VI, VII, VIII, IX, &c. in the curve ſhall 


be the points of the diſe where London 


would be at each of theſe hours reſpec- 


tively, as ſeen from the Sun. If the 


Sun's declination had been as far South 
as it was North, the dotted curve VI PM 


VI would have been the path of Lon- 
don; which muſt have been found by 


dividing the quadrant P L, into fix equal 
parts, and drawing lines parallel to VI 


K VI betweeg that line and the pole P, 


and continuing the lines 74, $6, gc, Kc, till 
they met the forefaid parallel lines drawn 


through 


U 
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through the diviſion- points of the qua- 


drant PL. — The points p and G, where 


the elliptical curve touches the circumfe- 
rence of the diſc, denote. the inſtants of 
the Sun's riſing and ſetting at London; 
for, when London is at p, it will be juſt 
entering into the enlightened part of 


the Earth; and Bang into 7 4 Pc 


it is at G. 

From the point M, VIZ. x5 degrees 35. 
minutes to the right hand of the axis 
of the Ecliptic C D, draw the right line 
MC for the axis of the Moon's: orbit, as 
ſeen, from the Sun, becauſe the Moon's 
Latitude is North -deſcending, on the 14th 
of July 1748 If her Latitude had been 


Nonth - aſcending, | the axis of her orbit 


muſt have been drawn. 5 degrees 35 mi- 
nutes on the left hand ſide of the axis of 
the Ecliptic. | 

Take, the Moon's Latitude, 28 6% 
from C to s, with your compaſſes, in the 
ſcale AC, and ſet that extent from C to 


9 on the axis (CD) of the Ecliptic. Then, 


: through the point , draw the right 


line N 7 Ot, perpendicular to the axis of 
the 
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the. Moon's orbit Cz M; and Ng Ot ſhall 
be the path of the center of the Moon's 
ſhadow... over. the Earth; and will repre- 
ſent as much. of the Moon's orbit, ſeen 
from the Sun, as ſhe moves through, du- 
ring the time that her ſhadow or n 
is going over the Earth. 


From C, on the ſcale A C, take the: 


Moon's horary motion from the Sun, 27' 1%, 
in your compaſſes ; and make the line 4A B 
( Fig. 2.) equal in length to that extent: 


and divide the ſaid line into GO equal parts, 


for ſo many. minutes of time.—-Then, as 

the time of new Moon, on the 14th of 
July 1748, was at 15 minutes 3 ſeconds 
after Xl o clock; take 15 minutes (neglect- 


ing the three ſeconds) from A to à on the 
line A B in your compaſſes, and ſet them 


off, in. Fig. 1, from the midgle. point be- 


tween 9 and 2, in the right line V2 O. 
to XI in that line; becauſe the tabular 
time of new, Moon is mid-way between 


the point 9. where the axis C Df the Ee- 
liptic and the axis C M of the Moons orbit 
310 goirteinclgo 2182 x; 1: 22260 
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euts the line or path of the petivimbra's 
center on the Earth.” 

Take'the whole length of the nas AB 
(Fig. 2.) in your compaſſes; and, with 
that extent, make markes along the line 
NO (Fg. 1.) both ways from XI; and 
ſet the hour- letters to theſe marks, as in 
the figure. Then, divide each fpace, 
from mark to mark, into ſixty equal parts 
or horary minutes, which ſhall ihew the 
points of the Earth's diſc where the cen- 
ter of the penumbra falls, at every hour 
and minute, during its tauft over the 
Borth!: | } n lo Sit gilt 

Apply one ſide of a baer to "the line- 
of the penumbra's path „and move 
the ſquare 'forward 'or — till the 
other ſide cuts the ſame hour and minute, 
as at s and 7; both in the path of the penlüm- 
bra's center and the path of London: and 
the minute, which the ſquare cuts at the 
ſame inſtant in both thefe paths, is the 
inan of tho viſible conjunction of the 
Sun and Moon at London; and confe- 
quently, of the greateſt obſcuration of the 
Sun by the Moon; which, according to 

the 
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the projection, is at 30 minutes N X 
o'clock in the morning. 

Take the Sun's ſemidiameter, 155 50 32 
yaur compatſies from the ſcale; and ſet- 
ting one foot at r as a center, in the path 
af London: with the other foot deſcribe 
the circle R & for the Sun, as ſeen from 
don at the time of greateſt obſcuration, 
hen take the Moon's ſemidiameter, 14 
63", in your compaſſes from the ſeale; and 
and ſetting one foot in the Moon's path at 
5s, with the other foot deſcribe the circle 
71 U for the Moon, as ſeen from London, 
when ſhe obſcures moſt of all of the Sun, 
during the celipſe: which may he meafured 
by a diameter line #-s * drawn acrofs the 
Sun through the paints s and , and di- 
vided into 12 equal parts for digits of 
the Sun's diameter: of which, according 
to the preſont ene there are 93. di- 
gits eclipſed. 

Take the ſemidiameter of the penumpra, 
39, 43 , from the ſcale in your compaſſes; 
and ſetting one font in the path of the 


penumbra' 8 


% 
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penumbra's center, direct the other foot 
to the path of London among the morn- 
ing hours at the left hand; and carry 
that extent backwards and forwards, till 
both the points of the compaſſes fall into 
the ſame inſtant in both the paths; which 
inſtants will denote the time when the ec- 
lipſe began at London. Then, do the 
like among the afternoon hours; and where 
the points of the compaſſes fall into the 
ſame inſtant in both the paths, they will 
ſnhew hat what time the eclipſe ended at 
London. — Theſe trials ſhew that the be- 
ginning of the eclipſe was juſt at IX 
di clock in the morning, and its ending at 
7 minutes after XII o'clock at noon, as 
the compaſſes reach juſt from IX in the 
path of London to IX in the path of 
the penumbra's center; and from 7 mi- 
nutes ufter XII in the path of London, 
to 7 minutes after XII in the path of 
the penumbra's center. Thus, we have, 
at laſt}; finiſhed the projection, and found 
what was wanted to be known from it. 
Siam E, The 
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E. The whole proceſs is very plea- 
ſant, but, rr it is ſomewhae tedi- 
ous. | 

N. That is, becanſe we have pan ob- 
liged to divide the ſemicircle 4D B and 
the quadrant E H with a pair of com- 
paſſes.—If the Sector had been uſed, the 
labour would have been much ſhortened, 
becauſe we could have taken off all the 
meaſures directly from it; and ſo have 
avoided all the trouble of dividing, not 
only of the ſemicircle and quadrant, but 
alſo even of the ſcale. 

E. I with you would teach me how to 
uſe the Sector. 

N. 1 will ſend to my mathematical in- 
ſtrument- maker, Mr. Bennet, in Crown- 
Court, near St. Ann's Church, Soho, for 
a compleat caſe of mathematical inſtru- 
ments; and will make you a preſent of 
it, and inſtruct you how to uſe them 


before I leave this place. In the mean 


time, I will aſk you a few queſtions re- 
lative to the ſubjects we have been up- 


on: and, if you can anſwer them cle- 


verly, I ſhall not ſcruple to tell you, 
that 
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that you have W a very A N 
pftogreſs. 

E . I thank you, Sir, for your Inteads 
ed. veofottt aud future inſtructions: and 
will anſwer 3255 queſtions as well as I 
can *. 

N. What would: i the en 
if the earth were fixed in any point of 
its orbit, ſo as to have no progreſſive 
motion therein; and to turn round its 
axis with its preſent velocity, having its 
axis perpendicular to the plane of the 
Ecliptic ? 

E. The ſolar, or natural day would 
be of the ſame length with the ſydereal 
day; Which is equal to 23 hours 56 mi- 
nutes 4 ſeconds of the time now mea- 
ſured. by a well regulated clock. The 
Sun would conſtantly appear to revolve 
in the Equator, days and nights would 
always be of an cqual length at all 
places, either near the Poles or fat from 

them. 


| The ſubſtance of what is here put down, by way of queſ- 

tion and anſwer, was given by the author ſome time ago to a 
gentleman who has fince publiſhed it, not without the author's 
leave, at the end of a printed book. 
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them. And conſequently, there n 
be no different ſeaſons. | 

N. What would be the en 
if the Moon's diſtance from the Earth 
was ſuch, as that ſhe ſhould appear to 
be of the ſame maguitude with the Sun; 


that her orbit were circular, and lay in 


the plane of the Echptic ; and that ſhe 
moved round the Eatth in her orbit with 
her preſent velocity ? 

E. The Moon would always revolve 
in the plane of the Equator; and (ſup- 
poſing the Earth had no progreſſive mo- 
tion in its orbit) the Moon would go 
round from change to change in the 
time ſhe now goes round her orbit, 
which is, in 27 days 7 hours 43 mi- 
nutes 5 ſeconds. The diameters of the 
Sun and Moon would always appear to 


be equal. The Moon would eclipſe the- 


Sun totally, for an inſtant of time, at 
all thoſe places over which the center 
of her ſhadow paſſed, which would be 
directly along the Equator. The eclipſes 
would be only partial on different ſides 
of the Equator, and never viſible at 


more 


\ 
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more than 2350 miles from it. The 
Moon would be totally eclipſed in the 
Earth's ſhadow at every time ſhe was 
full; and the durations of all her lues 
would be equal. 

N. What would be the edc, 
if the Moon's orbit acquired an elipti- 
cal form, ſuch as it is now of : that it 
continued. in the plane of the Ecliptic, 
and the Earth had no progreſſive motion, 
but only turned round its axis as before? 

E. The lengths of days and nights 


would be the ſame as above, and the times 


between the new or full Moons would 
remain the ſame. The Sun would be ec- 
lipſed (as above) at every change, and the 
Moon at every full; and the center of 
the Moon's ſhadow, when the Moon 1s 
new, would always paſs along the Equator. 
If the changes fell in that part of the 
Moon's orbit which is furtheſt from the 
Earth, the Sun would never be totally ec- 
lipſed; but would appear like a fine lumi- 
nous ring all round the dark r of the 

| Moon, 
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Moon, . at theſe places on the Equator where 
the Moon were directly over head, at the 
inſtant of the change. If the changes fell 
in that part of the Moon's. orbit which is 
neareſt the Earth, all the eclipſes of the 
Sun would be total at the Equator, for 
about four minutes of time: But if they 


fell in either of the two parts of the Mogn's 


orbit, which are at a mean between 
thoſe parts which are at the greateſt and 
leaſt diſtance from the Earth, the eclipſes 
of the Sun would be juſt total for an in- 
ſtant of time at the Equator, and no where 
elſe. All the Moon's eclipſes would be 
total with continuance, as above. 

N. Suppoſe now, that the Earth ſhould 
revolve about the Sun, with its preſent ve- 
locity, in the plane of the Ecliptic, its axis 
keeping always perpendicular thereto: that 


the Moon ſhould revolve as above, with. 


her preſent velocity; and that her orbit 
ſhould remain always in the plane of the 
Ecliptic ? | | | 
E. In that caſe, the days and nights 
would always continue (as above) of 
R equal 
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equal leügth; ; "only the 24 folar hours 
would be 3 minutes 56 ſeconds longer than 
the 24 SE hours, "as they now are; 
but there would be no different ſtulön. 
The Moon would go round her orbit in nd 
days 7 hours 43 minutes 5 ſeconds; 
round from the Sun to the Sun Abi or 
from change to change, in 29 days 12 hours 
44 minutes 3 ſeconds ; 3 48 the now does. 
The Sun woujd be eclipſed (as above) at 
every change, and the Moon at every full; 
and, all the Sun's eclipſes would be cen- 
tral only at the Equator - but they would 
ſometimes be total there for four minutes, 
ſometimes total only for an inſtant, and at 
other times annular; according to the diſ- 
tance of the moon from the Earth in dif- 
ferent parts, of her elliptical orbit at theſe 
times. - 

N. With the 275 3: hl e rela- 
ting to the Earth's progreſſive motion in 
its orbit; and the Moon's motion in her 
orbit; what would be the conſequence if 


the Earth 8 axis ſhould become inclined to 


the Ecliptic, as it now 71S; and the Earth 
turn 
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turn en its axis with its preſent velo- 
city ? | 

E. We ſhould have all the variety of 

ſeaſons. we now enjoy. The times be- 
tween, the. new and full Moons would be 
the lame AS in the laſt anſwer aboye, and 
the eclipſes of the Sun and Moon the:ſame. 
Only, the Sun's central eclipſes would not 
fall always at the Equatot, but ſometimes on 
one ſidę of. it, and ſometimes on the other; 
that is, between. the Equator and that pole 

of the Earth which was inclined toward the 
Sun at the time of the eclipſe. , In our 
Spring, the center of the Moon's. ſhadow 
would go, obliquely over the Earth, from 
the ſautherg.. tropie to the northern. In 
ſummer, the, ſhadow would begin to take 
the Earth at the Equator, and thence bend 
its courſe. to the northern. tropic, and from 


2 tropic to the Equator again, here 


it. would leave the Earth. In our autumn, 
the center of the Moon's {nadow. would 
go obliquely over the Earth, from the 
northern tropic. to the ſauthern : and, 
ip winter, it would take the Earth at the 

R 2 Equator, 


—— — Eno — —ñ—— nm. — 
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Equator, from which it would bend its 


courſe. to the ſouthern tropic, and go on 
_ obliquely from that tropic to the Equator, 
where it would leave the Earth. And, 
in each of theſe four caſes, the Sun's ec- 


lipſes would be central to all the parts of 
the Earth over which the center of the 

Moon's ſhadow paſſed ; ſometimes total | 
only for an inſtant, ſometimes total for 
four minutes, and at other times only an- 
nular. The cclipſes of the Moon would 
be as above. 

N. Suppoſing now, that the Moon's 
orbit ſhould become inclined to the Ec- 
liptic, as, it is at preſent, but that her nodes 
ſhould have no motion therein; and every 
other ciroumſtance ſhould remain as in the 
laſt queſtion ? 

13 Then, the Sun would never be ec- 
lipſed at more than 17 degrees from either 
of the nodes, at the time of any new 
Moon whatever; nor would the Moon 
be eclipſed at more than 12 degrees from 


either of the nodes at any time whatever 
of 
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of being full. So that we ſhould have 
but few -eclipſes (as is now the caſe) in 
compariſon of the number of our new 
and full Moons. And the eclipſes would 
be confſined to the ſame ſeaſons of the 
year; for there would be half a year be- 
tween thoſe which happened about one 
node and about the other, becauſe there 
would be juſt half a year between the 
con junctions of the Sun with one node abs 
with the other. 

N. Every thing remaining as above, ex- 
cepting the ſtability of the nodes, and of 
thoſe two points of the Moon's orbit which 
are moſt and leaſt diſtant from the Earth : 
What would be the conſequence” if | theſe 
points acquired a direct or forward motion 
in the Moon's orbit, and her nodes a back- 
ward or retrograde motion; as' they now 
have? 

E. I believe every circumſtance would 
be as it now is: and therefore, we ſhould 
have all the variety of eclipſes that now 
exiſts in nature. 

N. Well done, Eudoſia !——You TRE 


anſwered all my queſtions to my mind : 
which 


_ 9 ̃ —-—- * 
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which you could not poflibly have done, 
unleſs you had very well remembered the 


ſubjecis We have been upon, in all our 


Ten Dislogues. This, I think, way be 
our laſt on Aſtronomy ; becauſe your ap- 
plying to books will een all rler 
of our having any more. 
FE. But I am re ſorry, We 
to have heatd- yeſterday, that you are to 
ſet out ſor Italy in a few days, which is 
much ſooner than was expected. I ſhall 
miſs yon ſadly ; and as you will probably 
be gone before I can read Ferguſon's Aſtro- 
nomy quite tough; I ſhould be glad to 
know Whether you would have me to read 
any other book jan £561 like . anal 
ward. s. 101 0 

N. By all 16 1s. -DdQor 
Sa % Aſtronomy : —take it and keep it; 
for it will afford you a great deal of en- 
tertain ing and icaſing knowledge, eſpe- 


cially in the hiſtorical part.— vou may 


ſkip over choſe parts which are geome: 
trical, as I ſhall not now» have time to 
inſtruct you in that branch of /Acichce. 
"Tis true; the volume is large; but J 

Will 
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will anſwer for it, that by the time you 
have got to the end, you will wiſh it had 
been much larger, and that the Doctor 
would finiſh his ſecond volume. 

E. Permit me, dear brother, to thank 
you moſt ſincerely: for this valuable preſent. 


© 
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The deſcription and uſe of the globes, and 
armillary ſphere. 


IF a map. of the world be accu- Theterref: 


rately delineated on a ſpherical ball, 
the ſurface thereof will repreſent the 
turface of the earth: for the high- 
eſt hills are ſo inconſiderable with 
reſpect to the bulk of the earth, that 
they take off no more from its round- 
neſs, than grains of ſand do from the 


trial globe. 


roundneſs of a common globe; for the 


diameter of the earth is 8000 miles, in 
B 2 round 
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diameter of the earth is 8000 miles, in 
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round numbers, and no known” hill 
upon it 18 three miles in perpendicular 
height. 
Proof of That the earth is f. pherical, or 
theearth's round like a globe, appears, 1. from its 
being glo- : 
bular. Caſting a round ſhadow upon the Moon, 
whatever fide be turned towards her 
when ſhe is eclipſed. 2. From its hav- 
ing been failed round by ſeveral per- 
ſons. 3. From our ſeeing the farther, 


— 


the higher we ſtand. 4. From our 


ſeeing the maſts of a ſhip, whilſt the 
hull is hid by the convexity of the 
water. 
And that The attractive power of the earth 
it may be draws all terreſtrial bodies towards its 


PR des Center; as is evident from the deſcent 


without of bodies in lines perpendicular to the 


anyone's earth's ſurface, at the places whereon 


being in 
rad of they fall; even when they are thrown 


falling off from the earth on oppoſite ſides, and 
2 * conſequently, in oppoſite directions. 
So that the earth may be compared to 
a great magnet rolled in filings of 
ſteel, which attracts and keeps them 
equally faſt to its ſurface on all fides. 
Hence, as all terreſtrial bodies are attract - 
ed towards the earth's center, they can 
be in no ow. 2 of _ from any = 
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of the earth, more than from any other, "2 
The heaven, or ſky firrounds the , and 4 
whole earth: and when we ſpeak of up ; 1 
or deten, we mean only with regard 17:67 
to ourſelves; for no point, either in the 
heaven, or on the ſurface. of the earth, j 
is above or below, but only with reſ dect . 1 
to ourſelves. And let us be upon what | ” 
part of the earth we will, we ſtand with = 
our feet towards its center, and our heads | 1 1 
towards the ſky: and ſo we fay, it is up il 
to the ſky, and down towards the cen- 1 
ter of the earth, [1 
To an obſerver” placed any where in All ob- . 
the indefinite (| ace, where there is no- 1 1 
thing to limit his view, all remote ob- appear e- 15 
jects appear equally diſtant from him; aal dife 
and ſeem to be placed in a vaſt concave *" 
ſphere, of which his eye is the center, 
Eyery aſtronomer .can . demonſtrate, 
that the Moon is mich nearer to us, J 
than the ſun is; that ſome of the pla- 1 
nets ate ' Ginetimes nearer. to us, and | 
ſometimes farther from us, than the 
ſun; that others of them never come ſo 4} 
near us as the ſun always is; that the | 
remoteſt planet in our ſyſtem, is be- | 
yond compariſon t nearer to us than any 
of the fixed ſtars ark; - and that it 18 
hi zhly probable ſome” ſtars are, in a 
manner, l 
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manner, infinitely more diſtant from us 
than others. And yet all theſe celeſtial 
© objects appear ee diſtant from 
"= if we imagine a large 
e hollow ſphere of glaſs to have as many 
3 bright ſtuds fixed to its inſide, as there 
preſented are ſtars viſible in the heaven, and theſe 
r ſtuds to be of different magnitudes, 
and placed at the ſame angular diſt- 

ances from each other as the ſtars are; 

the ſphere will be a true repreſentation 

of the ſtarry heaven, tj an ſuppoſ- 

ed to be in its center, and viewing it 

all around. And if a ſmall globe, with 

a map of the Earth upon it, be placed | 

on an axis in the center of this ſt 
ſphere, and the ſphere be made to turn 

round on this axis, it will repreſent the 
2 motion of the heavens round 

If a greatcircle be ſodrawn upon this 

ſphere, as to divide it into two equal 

parts, or hemiſpheres, and the plane 

of the circle be perpendicular to 

the axis of the ſphere, this - circle 

wall repreſent the eguinoctial, which 
divides the heaven into two equal 

The equi. Parts, called the northern and the 
novial. ſouthern hemiſpheres ; and every point 
of that circle will be equally diſtant 


from 


= 
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from the poles, or ends of the axis in „%. 


the ſphere. That pole which is in the 


middle of the northern hemiſphere, 


will be called the north pole of the ſphere, 
and that which is in the middle of the 
ſouthern hemiſphere, the /outh pole. 

If another great circle be drawn 
upon the ſphere, in ſuch a manner as 


to cut the equinoctial at an angle of 


23x degrees in two oppoſite points, it 


will repreſent the ecliptic, or circle of The c 
the ſun's apparent annual motion: 4. 


one half of which is on the north ſide 
of the equinoctial, and the other 
on the ſouth. | Is Be 


If a large ſtud be made to move eaſt- 
ward in this ecliptic, in ſuch a manner 
as to go quite round it, in the time 
that the ſphere is turned round weſt- 
ward 366 times upon its axis; this 


ſtud will repreſent the ſun, changing The „n. 


his place every day a 365th: part of the 
ecliptic 5 and going round weſtward, 
the ſame way as the ſtars do; but 
with a motion fo much flower. than 
the motion of the ſtars, that they 
will make 366 revolutions about the 
axis of the ſphere, in the time that the 


ſun makes only 365. During one half 


of theſe revolutions, the ſun will be 
| on 
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on the north fide of the equinoctial; 
during the other half, on the ſouth; 
and at the end of each half, in] the 
equinoctial. 

If we ſuppoſe the terreſtrial globe in 
this machine to be about one inch in di- 
ameter, and the diameter of the 
ſphere to be about five or ſix feet, a 
Grall inſect on the globe would ſee only 
a very little portion of its ſurface; but it 


would ſee one half of the ſtarry ſphere; 


the convexity of the globe hiding the 


The appa- Other half from its view. If the ſphere 
rent moti- he turned weſtward round the globe, 


on of the 


heavens, 


and the inſect could judge of the appea- 
rances which ariſe from that motion, 
it would fee ſome ſtars riſing to its 
view on the eaſtern fide of the ſphere, 


whilſt others were ſetting on the weſt- 
erh: but as all the ſtars are fixed to 


the ſphere; the ſame ſtars would al- 

ways riſe in the ſame points of view 
on the eaſt ſide, and ſet in the ſame 
points of view on the weſt-fide. With 


the ſun it would be otherwiſe; becauſe 


the ſun is not fixed to any point' of the 


ſphere, but moves ſlowly along an 


oblique circle in it. And if the inſect 


ſhould look e the ſouth, and 


call that point of the globe, where 
| the 
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the equinoctial in the ſphere ſeems 
to cut it on the left fide, the eaſt 

mt; and where it cuts the globe 
on the right fide, the weſt point; the 
little animal would fee the ſun riſe 
north of the eaſt, and ſet north of the 
welt, for 1824 revolutions; after which, 
for as many more, the fun would riſe 
ſouth of the eaſt, and ſet ſouth of the 
weſt. And in the whole 365 revoluti- 
ons, the fun would riſe only twice in 
the eaſt point, and ſet twice in the welt. 
All theſe appearances would be the 
fame, if the ſtarry ſphere ſtood ſtill 
(the ſun only moving in the ecliptic) 
and the earthly globe were turned 
round the axis of the ſphere eaſtward. 
For, as the inſect would be carried 
round with the globe, he would be 
quite inſenſible of its motion; and the 
ſun and ſtars would appear to move 
weſtward, 


Me are but very ſmall beings when 


compared with our earthly globe, and 
the globe itſelf is but a dimenſionleſs 
point compared with the magnitude 
of the ſtarry heavens. Whether the 
earth be at reſt, and the heaven turns 
round it, or the heaven be at reſt, and 
the earth turns round, the appearance 
TY to 
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to us will be exactly the ſame. And 


becauſe the heaven is ſo immenſely 


large, in c on of the earth, we 


fee one half of the heaven as well from 


the earth's ſurface, as we could do from 
its center, if the limits of our view are 
not intercepted by hills. 


Circles of We may imagine as many circles 


the ſphere. 


The hori- 


Ton. 


deſcribed upon the earth as we pleaſe ; 
and we may imagine the plane of any 
circle deſcribed upon the earth to be 
continued, until it marks a circle in the 
concave ſphere of the heavens. 

The horizon is either ſenſible or rati- 
onal. The ſenſible horizon is that cir- 
cle, which a man ſtanding upon a 
large plane, obſerves to terminate his 
view all round, where the heaven and 
earth ſeem to meet. The plane of our 
ſenſible horizon continued to the hea- 
ven, divides it into two hemifpheres; 
one viſible to us, the other hid by the 
convexity of the earth. 

The plane of the 5 horizon, 
is ſuppoſed parallel to the plane of 
the ſenſible; to paſs through the cen- 
ter of the earth, and to be continued 
to the heavens. And although the 
plane of the ſenſible horizon touches 
the earth in the place of the obſerver, 

yet 
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yer this plane, and that of the rational 
Orizon, will ſeem to coincide in the 
heaven, becauſe the whole earth is but 
a point compared to the ſphere of the 
heaven. 

The earth being a ſpherical body, 
the horizon, or limit of our view, 
muſt change as we change our place. 


The poles of the earth, are thoſe two Pole, 


points on 1ts ſurface in which its axis 
terminates, The one is called the north 
pale, and the other the /ourh pole. | 
The poles of the heaven, are thoſe two 
points in which the earth's axis pro- 
duced terminates in the heaven: ſo 
that the north pole of the heaven is 
directly over the north pole of the 
earth ; * the /outh pole of the heaven 
is directly over the ſouth pole of the 
canth. | 
The equator is a great circle u pon ,. 
the earth, every part of which is equally 
diſtant from ae of the poles. It 
divides the earth into two equal parts, 
called the northern and ſouthern ſiemiſa 
pheres. If we ſuppoſe the plane of this 
circle to be extended to the heaven, it 
will mark the eguinoctial therein, and 
will divide the Ven into two equal 


N 


Equator, 
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Noon and 
midnight. the plane of the geographical meridian 
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ts, called the northern and ſouthern 

emiſpheres of the heaven. 

The meridian of any place is a great 
circle paſſing through that place and 
the poles of the earth. We may ima- 
gine as many ſuch meridians as we 
pleaſe, becauſe any place that is ever 
ſo little to the eaſt or weſt of any other 


place, has a different meridian from 


that place; for no one circle can paſs 


through any two ſuch places and the 


poles of the earth. 
The meridian of any place is divided 
by the poles, into two ſemicircles: that 
which paſſes through the place is called 
the geographical, or upper meridian; and 
that which paſſes through the oppoſite 
Place, is called the /ower meridian. © 
Whenthe rotation of the earth brings 


to the ſun, it is 7007 or mid-day to that 
place; and when the lower meridian 
comes to the ſun, it is midnight. 

All places lying under the fame geo- 
graphical meridian, have their noon 
at the ſame time, and conſequently all 
the other hours. All thoſe places are 
faid to have the ſame longitude, becauſe 
no one of them lies either eaſtward or 
weſtyard from any of the reſt, 

If 
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If we imagine 24 ſemicircles, one of 


a given place, to meet at the poles, and 
to divide the equator into 24 equal 
parts; each of theſe meridians will 
come round to the fun in 24 hours, 
by the ſun's equable motion round its 
axis in that time. And, as the equator 
contains 360 degrees, there will be 15 
degrees contained between any two of 
theſe meridians which are neareſt to 
one another: for 24 times 15 are 360. 
And as the earth's motion 1s eaſtward, 

the ſun's apparent motion will be weſt- 
ward, at « rate of 15 degrees cach 
hour, Therefore, 


They whoſe geographical meridian Longitude. 


is 15 degrees eaſtward from us, have 
noon, and every other hour, an hour 
ſooner than we have. They whoſe 
meridian is fifteen degrees weſtward 
from us, have noon, and every other 
hour, an hour later than we have: and 
ſo on in proportion, reckoning one 
hour for every fifteen degrees. 

As the earth turns round its axis 
once in 24 hours, and ſhews itſelf all 
round to the fun in that time, ſo it goes 
round the ſun once a year, in a great 


r3 


Hour-cir- 


which is the geographical meridian of 4. 


circle called the ecliptic, which croſſes alte 


the 
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the equinoctial in two oppoſite points, 
making an angle of 237 degrees with 
the equinoctial on each fide. So that 
one half of the ecliptic is in the north- 
ern hemiſphere, and the other in the 
ſouthern. It contains 360 equal parts, 
called degrees (as all other circles do, 
whether great or ſmall) and as the earth 
goes round it every year, the fun will 
appear to do the ſame, changing his 
place almoſt à degree, at a mean rate, 
every 24 hours. So. that whatever 
place, or degree of the ecliptic, the 
is in at any. time, the ſun will 
then appear in the oppoſite. And as 
one half of the ecliptic is on the north 
ſide of the equinoCtial, and the other 
half on the Gth; the ſun, as ſeen 
from the earth, will be half a year on 
the ſouth ſide of the equinoctial, and 
half a year on the north: and twice a 
year in the equinoctial itſelf. 
The ecliptic is divided by aſtrono- 
mers into 12 equal parts, called /g7s, 
each ſign into 30 degrees, and each de- 
gree into 60 minutes: but in uſing the 
globes, we ſeldom want the ſun's place 
nearer than half a degree of the truth. 
The names and characters of the 12 
ſigns are as follow; beginning at that 


point 
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point of the ecliptic where it croſſes 
the equinoctial to the northward, and 
reckoning eaſtward round to the ſame 
point again, And the days of the 
months on which the ſun now enters 


the ſigns, are ſet down below them. 


Aries, Taurus, Gemini, Cancer, 
N 5 IT 
March April May June 
20 20 21 21 
Leo, Virgo, Libra, Scorpio, 


. "Rr _ m 
July Auguſt September October 
23 43 4; 23 


Sagittarius, Capricorn, Aquarius, Piſces, 


＋ oy — * 
November December January February 
22 21 20 18 


By remembering on what day the 
ſun enters any particular ſign, we may 
eaſily find his place any day afterward, 
whilſt he is in that ſign, by reckoning 
a degree for each day; which will occa- 
ſion no error of conſequence in uſing 
the globes. 


When 
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When the ſun is at the beginning 
of Aries, he is in the equinoCtial; and 
from that time he —— northward 
every day, until he comes to the begin- 
ning of Cancer, which is 2 35 degrees 
from the equinoctial: from thence he 
recedes ſouthward every day, for half 
a year; in the middle of which half, 
he croſſes the equinoctial at the begin- 


ning of Libra, and at the end of that 


„ he is at his greateſt ſouth 
declination, in the beginning of Capri- 
corn, which is alſo 234 degrees from 
the equinoctial. Then, he returns 
northward from Capricorn every day, 
for half a year; in the middle of which 
half, he croſſes the equinoctial at the 
beginning of Aries; and at the end of 
it he arrives at Cancer. 

The ſun's motion in the ecliptic is 
not perfectly equable, for he conti- 
nues eight days longer in the northern 
half of the ecliptic, than in the ſouth- 
ern; ſo that the ſummer half year, 
in the northern hemiſphere, is eight 
days longer than the winter half year; 
and the contrary in the ſouthern 


hemiſphere. 


Tobie. „ The tropicks are leſſer circles in the 


heaven, parallel to the equinoctial; 


One 
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one on each fide of it, touching the 
ecliptic in the points of its teſt 
Frere urine z 1o 3 
degrees from the equinoctial, one on 
the north ſide of it, and the other on 
the ſouth. The northern tropic touches 
the ecliptic at the beginning of Cancer, 
the ſouthern at the beginning of Ca- 

; for which reaſon the former 
is called the tropic of Cancer, and the 
latter the tropic e apricorn. 


The polar circles in the heaven, are Polar cir 
tack 233 degrees from the poles, all . 


around. That which goes round the 
north pole, is called the arctic circle, 
from %, which ſignifies a bear; 
there being a conſtellation or groupe 


of ſtars near the north pole, which 


by that name. The ſouth polar 
circle, is called the antarctic circle, from 
its being oppoſite to the arctic. 

The ecliptic, tropics, and polar cir- 
cles, are drawn upon the terreſtrial 
globe, as well as upon the celeſtial. 
But the ecliptic, being a great fixed 
circle in the heavens, cannot properly 
be ſaid to belong to the terreſtrial globe; 
and is laid down upon it only for the 
conveniency of ſolving ſome problems. 


80 — if this circle on the terreitrial + 


C globe 


each tropic is 234 
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globe was properly divided into the 

months and days of the year, it would 

not only- ſuit the globe better, but 

would alſo make the problems thereon 

much eaſier. 1 

In order to form a true idea of the 

earth's motion round its axis every 24 

hours, which is the cauſe of day and 

night; and of its motion in the ecliptic 

round the ſun every year, which is the 

cauſe of the different lengths of days 

and nights, and of the viciſſitude of 

ſeaſons; take the following method, 

which will be both eafy and pleafant. 

Anidea of Let a ſmaltterreſtrial globe, of about 

| ene fe three inches diameter, be ſuſpended by 

| a long thread of twiſted filk, fixt to its 

north pole: then, having placed 2 

lighted candle on a table, to repreſent 

the ſun, in the center of a hoop of a 

Bi large caſk, which may repreſent the 

has | echptic, the hoop making an angle of 
| 


il 233 degrees with the plane of the table; 
110 hang the globe within the hoop near to 
| it; and if the table be level, the equa- 
{| tor of the globe will be parallel to the 
| table, and the plane of the hoop. will 
cut the equator at an angle of 2 32 de- 

| grees; ſo that one half of the equator 
it will be above the hoop, and the _ 
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half below it: and the candle will en- 
lighten one half of the globe, as the 
ſun- enlightens one half of the earth, 
whilſt the other half is in the dark. 
Things being thus prepared, twiſt 
the thread towards the left hand, - that 
it may turn the globe the ſame way by 
untwiſting; that is, from weſt, by 
ſouth, to. eaſt. As the globe turns 
round its axis or thread, the different 
places of its ſurface will go regularly 
through the light and dark; and have, 
as it were, an alternate return of day 
and night in each rotation. As the globe 
continues to turn round, and to ſhew 
itſelf all around to the candle, carry 
it ſlowly round the hoop by the thread, 
from weſt, by ſouth, to eaſt; which 
is the way that the earth moves round 
the ſun; once a year, in the ecliptic: 
and you will ſee, that whilſt the globe 
continues in the lower part of the hoop, 
the candle (being then north of the 
equator) will conſtantly ſhine round 
. the north pole; and all the northern 
places which go through any part of 
the dark, will go through a leſs portion 
of it than they do of the light; and 
the more ſo, the farther they are from 
the equator; conſequently, their days 
| „ * 
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are then longer than their nights. 


When the globe comes to a point in 
the hoop, mid-way between the higheſt 
and loweſt points, the candle will be 
directly over the equator, and will en- 
lighten the globe juſt from pole to 


pole; and then, every place on the globe 


will go through equal portions of 


light and darkneſs, as it turns round 
its axis; and conſequently, the day 


and night will be of equal length at all 
places upon it. As the globe advances 


thenceforward, towards the higheſt part 
of the hoop, the candle will be on the 
ſouth fide of the equator, ſhining far- 
ther and farther round the ſouth pole, 
as the globe riſes higher and higher in 
. the hoop; leaving the north pole as 
much in darkneſs, as the ſouth pole is 
then in the light, and making long 
days and ſhort nights on the ſouth ſide 
of the equator, and the contrary on the 
north fide, whilſt the globe continues in 
the northern or higher fide'of the hoop: 
and when it comes to the higheſt 


point, the days will be at the longeſt, 
and the nights at the ſhorteſt, in the 


' ſouthern hemiſphere; and the reverſe 
in the northern. As the globe ad- 
vances and deſcends in the hoop, the 


light 
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light- will gradually recede from the 
ſouth pole, and approach towards the 
north pole, which will cauſe the north- 
ern days to lengthen, and the ſouthern 
days to ſhorten in the ſame proportion. 


When the globe comes to the middle 


point, between the higheſt and loweſt 
points of the hoop, the candle will be 
over the equator, enlightening the 
globe juſt from pole to pole, when 
every place of the earth (except the 
poles) will go through equal portions 
of light and darkneſs; and conſequently, 
the day and night will be then equal, 
all over the globe. 
And thus at a very ſmall expence, 
one may have a delightful and demon- 
ſtrative view of the cauſe of days and 
nights, with their gradual increaſe and 
decreaſe in length, through the whole 
year together, with the viciſſitudes of 
ſpring, ſummer, autumn, and winter, 
in each annual courſe of the earth round 
the ſun. | 

If the hoop be divided into 12 equal 
parts, and the ſigns be marked in order 
upon it, beginning with Cancer at the 
higheſt point of the hoop, and reckon- 
ing eaſtward 7 contrary to the appa- 
rent motion of the ſun) you will ſee how 


- 2 
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the ſun appears to change his place 
every day in the ecliptic, as the globe 
advances eaſtward along the hoop, and 
turns round its own axis: and that 
when the earth is in a low ſign, as at 
Capricorn, the ſun muſt appear in a 
high ſign, as at Cancer, oppoſite to the 
earth's real place: and that whilſt the 
earth is in the ſouthern half of the 
ecliptic, the ſun appears in the northern 
half, and vice ver/a: that the farther 
any place is from the equator, between 
it and the polar circle, the greater is the 
difference between the longeſt and 
ſhorteſt day at that place, and that the 
poles haue but one day and one night 
in the whole year. 

Theſe things premiſed, we ſhall pro- 
ceed to the deſcription and uſe of the 
terreſtrial globe, and explain the geo- 
graphical terms as they occur in the 
problems. 

This globe has the boundaries of 
land and water laid down upon it, the 
countries and kingdoms divided by 
dots, and coloured to diſtinguiſh them, 
the iſlands properly ſituated, the rivers 
and principal towns inſerted, as they 
have been aſcertained upon the earth 
by meafurement and obſervation. he 
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The equator, ecliptic, tropics, polar 
circles, and meridians, are laid down 
upon the globe in the manner already 
deſcribed. The ecliptic is divided into 
I2 ſigns, and each ſign into 30 de- 
grees, which are generally ſubdivided 
into halves, and into quarters it the 
globe is large. Each tropic is 235 de- 

ees from the equator, and each po- 
2 circle 235 degrees from its re{pec- 
tive pole. Circles are drawn parallel 
to the equator, at every ten degrees 


diſtance from it on each fide th the 
poles : theſe circles are call arallels 


of latitude. On large globes there are 
circles drawn perpendiculatly through 
every tenth degree nic th in- 
terſecting each other at the poles; but 
on globes of or under a foot diameter, 
they are only drawn through every 
fifteenth degree of the equator; theſe 
circles are generally called meridians, 
ſometimes circles of longitude, and at 

other times Hour circles. | 
The globe is hung in a braſs ring, 
called the braſen merzdian ; and turns 
upon a wire in each pole ſunk half its 
thickneſs into one fide of the meridian 
ring; by which means, lat fide of the 
90 divides the globe into two equal 
parts, 
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parts, called the eaftern and weſtern he- 


miſpleres; as the equator divides it into 
two equal parts, called the northern 
and ſouthern hemiſpheres. This ring is 
divided into 360 equal parts or degrees, 
on the fide wherein the axis of the 
globe turns. One half of theſe degrees 
are numbered, and reckoned, from the 
equator to the poles, where they end 
at 9o : their uſe is to ſhew the latitudes 
of places. The degrees on the other 
half of the meridian ring, are num- 
bered from the poles to the equa- 
tor, where they end at go : their uſe 
15 to ſhew how to elevate either the 
north or ſouth pole above the horizon, 
according to the latitude of any given 
place, as it is north or ſouth of the 
equator. 

The braſen meridian is let into two 
notches made in a broad flat ring, 
called the wooden horizon, the upper 
ſurface of which divides the globe into 
equal parts, called the per and /ower 
hemiſpheres. One notch is in the north 
point of the horizon, and the other 
in the ſouth. On this horizon are 
ſeveral concentric circles, which con- 
tain the months and days of the year, 
the ſigns and degrees anſwering * the 

un's 


/ 
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ſun's place for each month and day, 


and the 32 points of the compaſs. 
The graduated ſide of the braſs me- 
ridian lies towards the eaſt ſide of the 
horizon, and ſhould be generally kept 
toward the perſon who works problems 
by the globes. | 

There is a ſmall hor circle, ſo 
fixed to the north part o the  brafen 
meridian, that the wire in the north 
pole of the globe is in the center of 


that circle; and on the wire is an 


Index, which goes over all the 24 hours 


of the circle, as the globe is turned 
round its axis, Sometimes there are 
two horary circles, one between each 
pole of the globe and the brazen me- 
ridian ; which is the contrivance of the 
ingenious Mr. Jeſepl Harris, maſter of 
the affay-office in the Tower of Lon- 
don ; ahd makes it very convenient 
for putting the poles of the globe 
through the horizon, and for eleva- 
ting the pole to ſmall latitudes and 
declinations of the ſun : which cannot 
be done where there is only one horary 


circle fixed to the outer edge of the 


braſen meridian. 
There is a thin ſlip of braſs, called 
the quadrant of altitude, which is divid- 
ed 
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ed into go equal parts or degrees, an- 


ſwering exactly to ſo many degrees of 
the equator. It is occaſionally fixed to 
the uppermoſt point of the braſen me- 
ridian by a nut and ſcrew. The diviſi- 
ons end at the nut, and the quadrant is 
turned round upon it. 

As the globe has been ſeen by moſt 
people, and upon the figure of which, 
in a plate, neither the circles nor coun- 
tries can be properly expreſſed, we 
judge it would ſignify very little to re- 
fer to a figure of it; and ſhall therefore 
only give ſome directions how. to 
chooſe a globe, and then deſcribe its 
—_ = | 
Direfti- 1. See that the papers be well and 
* neatly paſted on the globes, which you 
of globes. may know, if the lines and circles 

thereon meet exactly, and continue all 
the way even and whole; the circles 
not breaking into ſeveral arches, nor 
the papers either coming ſhort, or lap- 
ping over one another. 
i 2. See that the colours be tranſpa- 
rent, and not laid too thick upon the 

i globe to hide the names of places. | 
141 3. See that the globe hang evenly 
i du ren the braſen meridian and the 


lf | | wooden 


The Terreſtrial Glabe Deſcribed. 


wooden horizon ; not inclining either 
to one fide or to the other. 

4. See that the globe be as cloſe to 
the horizon and meridian as it conveni- 
ently may ; otherwiſe, you will be too 
much puzzled to find againſt what part 
of the globe any degree of the meridian 
or horizon is. | 

5. See that the equinoctial line be 
even with the horizon all around, when 
the north or ſouth pole is elevated o 
degrees above the horizon. 

6. See that the equinoctial line cuts 
the horizon in the eaſt and weſt points, 
in all elevations of the pole from o to 
go degrees. 

7. See that the degree of the braſen 
meridian marked with o, be exactly 
over the equinoctial line of the globe. 

8. See that there be exactly half of 
the braſen meridian above the horizon; 
which you may know, if you bring any 
of the decimal diviſions on the meridian 
to the north point of the horizon, and 
find their complement to go in the ſouth 


point. 


altitude is placed as far from the equa- 
tor, on the braſen meridian, as the pole 
is elevated above the horizon, the be, 

| ginning 


9. See that when the quadrant of 
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ginning of the degrees of the quadrant 


reaches juſt to the plane ſurface of the 


Directi- 
ons for 
ufing 
them. 


which ſide you may know by 


horizon. | 

10. See that whilſt the index of the 
hour-circle (by the motion of the globe) 
paſſes from one hour to another, 1 5 de- 


grees of the equator paſs under the gra- 


duated edge of the braſen meridian. 


11. See that the wooden horizon be 
made ſubſtantial and ſtrong ; it being 
generally obſerved, that in moſt globes, 
the horizon is the firſt part that fails, on 
account of its having been made too 
flight. | 
In uſing the globes, keep the eaſt ſide 
of the horizon towards you (unleſs your 
problem requires the rare. of it) 

e word 
Eaſt upon the horizon ; for then you 
have the graduated fide of the meridian 
towards you, the quadrant of altitude 
before you, and the globe divided ex- 
actly into two equal parts, by the gra- 
duated ſide of the meridian. 

In working ſome problems, it will 
be neceſſary to turn the whole globe 
and horizon about, that you may look 
on the weſt fide thereof; which turnin 


will be apt to jog the ball ſo, as to ſhit 
away that degree of the globe which was 


before 
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before ſet to the horizon or meridian : 


to avoid which inconvenience, you may 
thruſt in the feather-end of a quill be- 
tween the ball of the globe and the bra- 


ſen meridian; which, without hurting | 


the ball, will keep it from turning in 
the meridian, whilſt you turn the weſt 
fide of the horizon towards you. 


PR OB L EM I. 


To find the * latitude and + longitude of 
any given place upon the globe. 


Turn the globe on its axis, until the 
given place comes exactly under that 


graduated ſide of the brazen meri- 
dian, 


Fhe latitude of a place is its diſtance from the 
equator, and is north or ſouth, as the place is north 
or ſouth of the equator. Thoſe who live at the equa- 
tor have no latitude, becauſe it is there'that the la- 
titude begins. | 

+ Thelongitade of a place is the number of degrees 
(reckoned upon the equator) that the meridian of 
the ſaid place is diſtant from the meridian of any other 
place from which we reckon, either eaſtward or 
weſtward, for 180 degrees, or half round the globe. 
The Engliſh reckon the longitude from the meridian 
of London, and the French now reckon it from the 

meridian of Paris. The meridian of that pl-ce, from 
which the ; longitude is reckoned; is called the fir/ 
meridian. . The places upon this meridian} have no 
longitude, becauſe it is there that the longitude 


begins. 
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dian, on which the degrees are nun- 
| bered from the equator ; and obſerve 
- what degree of the meridian the place 
then hes under; which is its latitude, 
north or ſouth, as the place is north 


or ſouth of the equator. 

The globe remaining in this poſition, 
the degree of the equator, which is un- 
der the braſen meridian, is the longi- 
tude of the place (from the meridian of 
London on the 2398 % globes) which is 


eaſt or weſt, as the place lies on the eaſt 


or weſt ſide of the firſt meridian of the 
globe. —All the Atlantic Ocean, and 


America, is on the weſt fide of the me- 


ridian of London; and the greateſt part 


of Europe, and of Africa, both with 
all Aja, is on the eaſt fide of the me- 


ridian of London, which is reckoned the 


firſt meridian of the globe by the Eng- 


liſb geographers and aſtronomers. 
PROBLEM I. 


The Jongitude and latitude of a place being 


given, to find that place on the globe. 
Look for the given longitude in the 


equator (counting it eaſtward or weſt- 
ward from the firſt meridian, as it is 


mentioned 
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mentioned to be eaſt or weſty and bring 


the point of longitude in the equator to 
the braſen meridian, on that fide which 
is above the ſouth point of the horizon: 
then count from the equator on the bra- 
ſen meridian to the degree of the' given 
latitude, towards the north or ſouth 
pole, according as the latitude is north 
or ſouth ; and under that degree of lati- 
tude on the meridian, you will have the 
a aired. Id, 


; 


PROBLEM II. 


To find the difference of langituds;. or d. 
ference of latitude, between any two 
given places. 


Bring each of theſe places to the bra- 
ſen meridian, and ſee what its latitude 
is: thè leſſer latitude ſubtracted from 
the greater, if both places are on the 
ſame ſide of the equator, or both lati- 
tudes added together, if they are on 
different ſides of it, is the difference of 
latitude required. And the number 
of degrees contained between theſe pla- 
ces, rekoned on the equator, when they 


are 
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are brought ſeparately under the braſen 
i meridian, 1s their difference of lon- 
| gitude ; if it be lefs than 180: but if 
| more, let it be ſubtracted from 360, 
| and the remainder 1s the difference of 
ö Jongitude required. Or, 
11 HFaving brought one of the places to 
j the braſen meridian, and ſet the hour- 
| index to XII, turn the globe until the 
other place comes to the braſen meri- 
dian, and the number of hours and parts 
of an hour, paſt over by the index, will 
give the longitude in time ; which may 
be eaſily reduced to degrees, by allow- 
ing 15 degrees for every hour, and one 
degree for every four minutes. 
N. B. When we ſpeak of bringing 
lace to the braſen meridian, it is 
the graduated fide of the meridian that 
1s meant. | 


. PROBLEM Iv. 


Any place bring given, to find all thoſe 
places that have the ſume longitude or 


. datitude with it. 


| [Deng che given place to the braſen 
meridian, then all thoſe places which 
lie 
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lie under that ſide of the meridian, 
from pole to pole, have the fame lon- 
gitude with the given place. Turn 
the globe round its axis, and all thoſe 
places which paſs under the ſame de- 
gree of the meridian that the given 
place does, have the fame latitude 
with that place. | 

Since all latitudes are reckoned from 
the equator, and all longitudes are 
reckoned from the farſt meridian, it is 
evident, that the point of the equator 
which is cut by the firſt meridian, 
has neither latitude nor longitude .— 
The greateſt latitude is ꝙo degrees, be- 
cauſe no place is more than 9o degrees 
from the equator. And the greateſt 

longitude is 180 degrees, becauſe no 
place is more than 180 degrees from 
the firſt meridian. 


D PROBLEM 
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PROBLEM V. 


To | find the * antœci, periœci, and 
I antipodes, of any given place. 


Bring the given place to the braſen 


meridian, and having found its latitude, 
keep 


*The antæci are thoſe people who live on the ſame 
meridian, and in equal latitudes, on different ſides of 
the equator. - Being on the fame meridian, they have 

the ſame hours; that is, when it is hoon to the one, 

it is alſo noon to the other; and when it is mid- night 
to the one, it is alſo mid- night to the other, &c. Be- 
ing on different ſides of the equator, they have different 

or oppoſite ſeaſons at the ſame time; the length of any 
day to the one is equal to the length of the night of 
that day to the other; and they have equal elevations 
of the different poles. *. 

+ The periæci are tho'e people who live on the ſame 
parallel of latitude, but on oppoſite meridians: ſo that 
though their latitude be the ſame, their longitude dif- 

fers 180 degrees. By being in the ſamelatitude, they 
have equal elevations of the ſame pole (for the elevation 
of the pole is always equal to the latitude of the place) 
the ſame length of days or nights, and the ſame ſea- 
ſons. But being on oppoſite meridians, when it is 
noon to the one, it is mid-night to the other. 

The antipodes are thoſe who live diametrically op- 
poſite to one another upon the globe, ſtanding with 
feet towards feet, on oppoſite meridians and parallels. 
Being on oppoſite ſides of the equator, they have op- 
polite ſeaſons, winter to one, when it is | vr to 
the other; being equally diſtant from the equator, they 
have the contrary poles equally elevated above the ho- 
rizon;z being on oppoſite meridians, When it is noon 
to the one, 1t muſt be midnight to the other; and as 
the ſun recedes from the one when he approaches to 
the other, the length of the day to one muſt be equal 
to the length of the night at the ſame time to the other. 
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keep the globe in that fituation, and 


count the ſame number of degrees of 


latitude from the equator towards the 
_ contrary pole, and where the reckoning 
ends, you have the antæci of the given 
place upon the globe. Thoſe who live 
at the equator have no antæci. 

The globe remaining in the fame 
poſition, - ſet the hour-index to the 
upper XII on the horary circle, and 
turn the-globe until the index comes to 


the lower XII; then, the place which 


lies under the meridian, in the ſame 
latitude with the given place, is the 
periæci required. Thoſe who live at 
the poles have no periæci. 

As the globe now ſtands (with the 
index at the lower XII) the antipod?s 
of the given place will be under the 
{ame point of the braſen meridian where 
its antæci ſtood before. Every place 
upon the globe has its antrpodes. 


PROBLEM VL 


To find the diſtance between any tws3 
places on the globe. 


Lay the graduated edge of the qua- 
drant of altitude over both the places, 


and count the number of degrees inter- 


cepted between them on th: quadrant); 
D 2 then 
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then multiply theſe degrees by 60, and 
the product will give the diſtance in 
geographical miles: but to find the diſ- 
tance in - Engliſh miles, multiply the 
degrees by 695, and the product will 
be the number of miles required. Or, 
take the diſtance betwixt any two places 
with a pair of compaſſes, and apply 
that extent to the equator; the number 
of degrees, intercepted between the 
points of the compaſſes, is the diſtance 


in degrees of a great circle“; which 


may be reduced either to geographical 
miles, or to Engliſh miles, as above. 


Any circle that divides the globe into two equal 
parts, is called a great circle, as the equator or meri- 


dian. Any circle that divides the globe into two un- 
equal parts (which every parallel of latitude 2 is 


er 


called a fer circle. Now, as every circle, whet 


great or {mall, contains 360 degrees, and a degree 


upon the equator or meridian contains 60 geographical 
miles, it 18 evident, that a degree of longitude upon 


the equator, is longer than a degree of longitude 


upon any parallel of latitude, and muſt therefore 
contain a greater number of miles. So that, al- 
though all the degrees of latitude are equally long 
upon an artificial lobe (though not preciſely ſo upon 
the earth itſelf) yet the degrees of longitude decreaſe 
in length, as the latitude increaſes, but not in the 
ſame 1 The following table ſhews the 
length of a degree of longitude, in geographical 
miles, and hundredth parts of a mile, c eyery de- 
gree of latitude, from the equator to the poles: a 
gree on the equator being 60 geographical miles. 


PROBLEM 


6} 
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PROBLEM VII 


A prin on the globe — given, ad its 
diſtance from any other place, to find 
all the other places upon the globe whith 
are at the Cann diſtance from the guy 
place. 


Bring the given place to QF baden 
meridian, and ſcrew the quadrant to 
the meridian, directly over that place; 


then keeping the globe in that poſition, 


turn the quadrant quite round upon 
it, and the degree of the quadrant 
that touches the ſecond place, wil paſs 
over all the other places which are 
equally diſtant with it from the giyen 
place. 
This is the lame as if one foot of a 
of compaſſes was ſet in the given 
place, and the other foot extended to 
the ſecond place, whoſe . diſtance is 
known; for if the compaſſes be then 
turned round the firſt place as a center, 
the moving foot will go over all thoſe 
places. which are at .the . ſame diſtance 
el he ſecond from it. 


A Table 
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A table ſhewing the number of. miles in a 
degree of lon nd and in any given 
N. 45 of latitude. 


Sm 


nw 


ernennen 
— 0 91 


22 
. 36.9470 
1257.3 84.3 6.110711 
N 35.48. 2 35: 27 172 


PROBLEM; m. 


75 ths hour of. the day at any. place being 
ne „ Zo find a HE Pe Were tt 
4.287100 at that A. | x 


Bring the given ee to * bra- 
* meridian, and fet the index to 
the given hour; this done, turn the 
globe until the index points to the 


upper 
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upper XII, and then, all the places that 
lie under the braſen meridian have noon 
at that time. | 

N. B. The upper XII always ſtands 
for noon; and when the bringing of 
any place to the braſen meridian is men- 
tioned, the ſide of that meridian on 
which the degrees are reckoned from 
the equator is meant, unleſs the contra- 
ry ſide be mentioned, 


PROBLEM IX. 


The hour of the day at any place being 
given, to find what o'clock it then is at 
any other place. 


Bring the given place to the braſen 
meridian, and ſet the index to the given 
hour; then turn the globe, until the 
place where the hour is required comes 
to the meridian, and the index will 
point out the hour at that place. 


PROBLEM 
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PROBLEM x. 


To find the an s place in the ecliptic, and 


i» * declnation for any given ae f 
I Fre ar. N 


Look on the n for . green 

day, and right againſt it you have the 
Fr gree » Har ſign in which the fon is 
(or | his place) on that day at noon. Find 
the ſame degree of that fign in the eclip- 
tic line upon the globe, and having 
brought it to the braſen meridian, ob- 
ſerve what degree of the meridian ſtands 
over it; for that is the ſun's declinati- 


on, reckoned from the equator. 


"PROBLEM XI. 


The ; by of the month being given, to * 
all thoſe places of the earth over which 
"the fun will paſs ine on that wy 


Find the ſun's place in the ecliptic 
for the given day, and having brought 
it 


* The ſun's declination is his diſtance from the 
equinpctigl in es, and is north or ſouth, as the 
ſun is between the equinoctial and the north or ſouth 


pole, 
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it to the braſen meridian, .obſerve what 


point of the meridian is over it; then 
turning the globe round its axis, all 
thoſe places Which paſs under that point 
of the meridian, are the places required: 
for as their latitude is equal; in degrees 
and parts of a degree, to the ſun's decli- 
nation, the ſun muſt be directly over 
head to cach of them at its reſpective 
moon. 


Pp R O $744; EY 


A place being given in the & torrid zone, to 
find thoſe two days of the year, on which 
tue Sun hall be vertical to that place. + 


Bring the given place to the braſen 
meridian, and mark the degree of lati- 
tude that is exactly over it on the me- 

ridian ; 


he globe is divided into five zones; one torrid, 
two temperate, and two fri id. The rie een 
between the two tropics, and is 47 degrees in breadth, 
or 23% on each ſide of the equator; the temperate 
zones lie between the tropics and polar - circles, or 
from 234 degrees of latitude, to 66 on each ſide of 
the equator; and are each 43 degrees in breadth: 
the frigid zones ure the ſpaces included within the polar 
circles; which being each 234 degrees from their reſ- 
pective pales, the breadth of each of theſe zones is 
47 degrees. As the ſun never goes without the tro- 
pics, he muſt every moment be vertical to ſome — 
or other in the torrid ane. 
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ridian ; then turn the globe round its 
axis, and'obferve the two degrees of the 
ecliptic which paſs exactly under that 
degree of latitude: laſtly, find on the 
wooden horizon, the two days of the 
year in which the ſun is in thoſe degrees 
of the ecliptic, and they are the days 
required;- for on them, and none elle, 
the ſun's declination is equal to the la- 
titude of the given place: and conſe-' 
quently, he will then be yergeal to ĩt 
at noon. 


PROBLEM XIII. 


75 find all thoſe places of Mhe ved frigid 
. Zone, where the ſun begins to ſhine 
_ conſtantly without ſetting, on any given 
day, from the 2 1ſt of March, to the 


234 of September, 


On theſe two days, the ſun is in the 
equinoctial, and enlightens the globe 
exactly from pole to pole: therefore, 
as the earth turns round its axis, which 
terminates in the poles, every place 
upon it will go equally through the 
light and the dark, and ſo make equal 
day and night to all places of the earth. 
But as the ſun declines from the 
equator, towards either pole, he _ 

e 
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ſhine juſt as many degrees round that 
pole, as are equal to his declination 


from the equator ; ſo that no place 
within that diſtance of the pole will 
then go through any part of the dark, 
and confequently the ſun will not ſet 
to it. Now, as the ſun's declination 
is northward, from the 21ſt of March 
to the 23d of September, he muſt 
conſtantly. ſhine round the. north pole 
n ime ; and on the day that he 


goes through any part of the dark on 


that day. There 45 je 
Faving brought the ſun's place for 
the given day to the brazen meridian, 
and found his declination (by Prob. 
IX.) count as many degrees on the 
meridian,” from the north pole, as are 
equal to the ſun's declination from the 
equator, and mark that degree from the 
le where the reckoning ends: then, 
turning the globe round its axis, obſerve 
what places in the north frigid zone pals 
directly under that mark ; for they are 

the places required. 
The like may be done for the ſouth 
frizid zone, from the 2 3d of September 
to 


43 
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to the 21ſt of March, during, which 
time the ſun ſhines e on the 
ſouth pole. | 


"PROBLEM, XIV. 


To 1 the place over which the fun i is 
vertical, at any hour of .a given day. 


"Having found the ſun's declination 
for the given day (by Prob. IX. ). mark 
it with chalk on the braſen meridian : 
then bring the place where you are 
(ſuppoſe —.—1 to the braſen meri- 
dian, and ſet the index to the given 
hour; which done, turn the globe on 
its. axis, until the index points to XII 
at non; and the place on the globe, 
which is then directly under the point 
of the ſun's n en marked. upon 
the meridian, has the ſun that mo- 
ment in the enith, or een over 
eat 1 * 1188 
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The Uſe of the Terreſtrial Globe. 
PROBLEM XV. 


The day and hour at any place being groen, 
to find all thoſe places where the ſun ts 
then riſing, or ſetting, or on the me- 
ridian; conſequently, all thoſe places 
which are enlightened at that time, 
and thoſe which are in the dark. 


This problem cannot be ſolved by 
any globe fitted up in the common 
way, with the hour-cucle fixed upon 
the braſs meridian ; unleſs the ſun be 
on or near ſome of the tropics on the 
given day. But by a globe fitted up 
according to Mr. Fo/eph Harris's in- 
vention (already mentioned) where the 
hour-circle lies on the ſurface of the 
globe, below the meridian, it may be 
folved for any day of the year, ac- 
cording to his method ; which is as 
follows. 

Having found the place to which the 
ſun is vertical at the given hour, if the 
place be in the northern hemiſphere, 
elevate the north pole as many degrees 
above the horizon, as are equal to the 
latitude of that place; if the place 

be 
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be in the ſouthern hemiſphere elevate 
the ſouth pole accordingly ; and bring 
the ſaid place to the braſen meridian. 
Then, all thoſe places which are in the 


weſtern ſemicircle of the horizon, have 


the ſun riſing to them at that time; 
and thoſe in the eaſtern ſemicircle have 
it ſetting: to. thoſe under the upper 
ſemicircle of the braſs meridian, it is 
noon; and to thoſe under the lower 
ſemicircle, it is mid-night. All thoſe 


places which are above the horizon, 
are enlightened by the ſun, and have 
the ſun juſt as many degrees above 
them, as they themſelves are above 
the horizon; and this height may be 


known, by fixing the quadrant of _ 
altitude on the brazen meridian over 
the place to which the ſun is vertical; 
and then, laying it over any other 


place, obſerve what number of degrees 
on the quadrant- are intercepted be- 


tween the faid place and the horizon. 
In all thoſe places that are 18 degrees 


below the weſtern ſemicircle of the 
Horizon, the morning twilight is juſt 


beginning; in all thoſe places that 
are 18 degrees below the eaſtern ſe- 
micircle of the horizon, the evenin 
twilight is ending; and all thoſe places 
that 
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that are lower than. 18 degrees, have 
dark night. 

If any place be brought to the upper 
emicirele of the braſen miridian, and 
the hour- index be ſet to the upper 
XII or noon, and then the globe be 
turned round eaſtward on its axis; when 
the place comes to the weſtern ſemicir- 
cle of the horizon, the index will ſhew 
the time of ſun-rifing at that place; 
and when the fame place comes to — 
eaſtern ſemicircle of the horizon, the 
index will ſhew the time of ſun-ſet. 

To thoſe. places which do not go 
under the horizon, the ſun ſets not on 
that day: and to thoſe which do not 
come above it, the ſyn does not riſe. 


PROBLEM XVI. 


The day and hour of a lunar eclipſe being 
given; to find all thoſe places of the 
earth to which it will be viable. 


The moon is never eclipſed but when 
ſhe is full, and fo directly oppoſite to 
the ſun, that the earth's ſhadow falls 
upon her. Therefore, whatever place 
of the earth the ſun is vertical to at 
that time, the moon muſt be vertical 

to 
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to the antipodes of that place; fo that 
the ſun will be then viſible to one half 
of the earth, and the moon to the other. 

Find the place to which the ſun is 
vertical at the given hour (by Prob. 
XIV.) elevate the pole to the latitude 
of that place, and bring the place to 
the upper part of the braſen meridian, 
as in the former problem : then as — 
ſun will be viſible to all thoſe parts of 
the globe which are above the hori- 
zon, the moon will be viſible to all 
thoſe parts of the globe which are be- 
low it, at the time of her greateſt ob- 
ſcuration. 

But with regard to an eclipſe of the 
fun, there is no. ſuch thing as ſhewing 
to what places it will be viſible, with 
any degree of certainty, by a common 
globe ; becauſe the moon's ſhadow co- 
vers but a, ſmall portion of the earth's 
ſurface, and her latitude, or declination 
from the ecliptic, throws her ſhadaw ſo 
variouſly upon the earth, that to deter- 
mine the places on which it falls, re- 


courſe muſt be had to long calculations. 


PROBLEM 


The. Uſe of the Terreſtrial Globe. 
PROBLEM. XVII. 


To rectiſy the globe for the latitude, the* 
zentth' and the. ſin's place. 


Find the latitude of the place (by 
Prob. I.) and if the place be in · the nor- 
thern hemiſphere, raiſe the north pole 
above the north point of the horizon, 
as many degrees (counted from the 
pole upon the braſen meridian) as are 
equal to the latitude of the place. If 
the place be in the ſouthern hemiſ- 
phere, raiſe the ſouth pole above the 
ſouth point of the horizon, as many 
degrees as are equal to the latitude. 
Then, turn the globe till the place 
comes under its latitude on the braſen 
meridian, and faſten the quadrant of 
altitude ſo, that the chamfered edge of 
its nut (which 1s even with the gradu- 
ated edge) may be joined to the zenith, 
or point of latitude. This done, bring 
the ſun's place in the ecliptic for the 
given day (found by Prob. X.) to the 
graduated fide of the braſen meridian, 

E and 


The zenith, in this ſenſe, is the higheſt point of 
the braſen meridian above the horizon; but in the 
proper ſenſe, it is that point of the heaven which is 
directly vertical to any given place, at any given in- 
ſtant of time. 
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and ſet the hour-index to XII at noon, 
which is the uppermoſt XIIon the hour- 
circle ; and the globe will be rectified. 
Remark, The latitude of any place, is equal 
to the elevation of the neareſt pole of 
the heaven above the horizon of that 
place ; and the poles of the heaven are 
directly over the poles of the earth, 
each go degrees from the equinoctial 
line. Let us be upon what place of the 
earth we will, if the limits of our view 
be not intercepted by hills, we ſhall 
ſee one half of the heaven, or 9o de- 
grees every way round, from that 
point which is over our heads. There- 
fore, if we were upon the equator, 
the poles of the heaven would lie in 
our horizon, or limit of our view: if 
we go from the equator, towards either 
pole of the earth, we ſhall ſee the cor- 
reſponding pole of the heaven riſing 
gradually above our horizon, juſt as 
many degrees as we have gone from 
the equator: and if we were at either 
of the earth's poles, the correſponding 
pole of the heaven would be directly 
over our head. Conſequently, the 
elevation or height of the pole in de- 
grees above the horizon, 1s equal to 
the number of degrees that the place is 


from the equator. 
PROBLEM 


The He of the Terreſtrial Globe: 


PROBLEM XVII. 


The latitude of any place, nat exceeding 
* 66+ degrees, and. the day of T 
ur being given; te find the time of 
fun-ri6 ng 4 ſettin 8g 10 conſequently 


the length of the day and night. 


Having rectified the globe for the 
latitude, + and for the Gan's s place on the 
given day (as directed in the preceding 
problem) ing the ſun's place in the 
ecliptic to the eaſtern fide of the hori- 
zon, and the hour-index will ſhew 
the time of ſun-rifing ; then turn the 
globe on its axis, until the ſun's © 
comes to the weſtern ſide of the 
zon, and the index will ſhew the 1 
of ſun- ſetting. | 

The hour of ſun-ſetting doubled, 
gives the length of the day ; and the 
hour of ſun-rifing doubled, gives the 
length of the night. 


E 2 PROBLEM 


All places whoſe latitude is more than 66+ de- 

ees are in the frigid zones ; and to thoſe places the 

un dces not fet in ſummer, for a certain number of 
diurnal revolutions, which (ccaſi ons this limitation 
of lat. tude. 5 
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PROBLEM XIX. 


The latitude of any place, and the day 
of the month, being given; to find when 
the morning twilight begins, and the 

| evening twilight ends, at tliat place. 


This'problem is often limited : for, 
when the ſun does not go 18 degrees 
below the horizon, the twilight conti- 
nues the whole night ; and for ſeveral 
nights together in ſummer, between 49 
and 663 degrees of latitude : and the 
nearer to 66+ the greater is the number 
of theſe nights. But when it does be- 
gin and end, the following method will 
ſhew the time for any given day. 
Rectify the globe, and bring the ſun's 
place in the ecliptic to the eaſtern 
ſide of the horizon; then mark that 
point of the ecliptic with chalk which 
is in the weſtern ſide of the horizon, it 
being the point oppoſite to the ſun's 
place: this done, lay the quadrant of 
altitude over the ſaid point, and turn 
the globe eaſtward, keeping the qua- 
drant at the chalk- mark, until it be 
juſt 18 degrees high on the quadrant; 
and the index will point out the time 

| when 
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when the morning twilight begins: for 
the ſun's place will then be 18 degrees 


below the eaſtern ſide of the horizon; 
To find the time when the evening twi- 


light ends, bring the ſun's place to the 


weltern fide of the horizon, and the 
point oppoſite to it, which was marked 
with the chalk, will be rifing in the eaſt: 
then, bring the quadrant over that point, 
and keeping it thereon, turn the globe 
weſtward, until the ſaid point be 18 
degrees above the horizon on the qua- 
drant, and the index will ſhew the time 
when the evening twilight -ends ; the 
ſun's place being then 18 degrees below 
the weſtern ſide of the horizon, 


© PRO B L EM XX. 
To Fairs on what day of the year the ſun 
egms to ſhine conſtantly without ſetting, 
on any given place in the north frigid 
Zone; and how long he cuntinues to do ſo. 


Rectify the globe to the latitude of 
the place, and turn it about until ſome 
point of the ecliptic, between Aries 
and Cancer, coincides with the north 
point of the horizon where the * 
Wen cn 
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ſen meridian cuts it: then find, on 
the wooden horizon, what day of the 
the ſun is in that N of the 

_ ecliptic ; for that is the day on which 
the ſun begins to ſhine conſtantly on 
the given place, without ſetting. This 
done, turn the globe until ſome point 
of the ecliptic, between Cancer and 
Libra, coincides with the north point 
of the horizon, where the braſen 
meridian cuts it; and find, on the 
wooden horizon, on what day the 
fun. is in that point of the ecliptic ; 
which is the day that the ſun leaves off 
conſtantly ſhining on the ſaid place, 
and riſes and ſets to it as to other places 
on the globe. The number of natural 
days, or compleat revolutions of the ſun 
about the earth, between the two days 
above found, is the time that the ſun 
keeps conſtantly above the horizon 
ut ſetting :- for all that portion of 

the ecliptic, which lies between the 
two points which interſect the horizon 
in the very north, never ſets below it: 
and there is juſt as much of the oppoſite 
part of the ecliptic that never riſes ; 
therefore, the ſun will keep as long 
conſtantly below the horizon in winter, 
as above it in ſummer. 
Whoever 
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Whoever conſiders the globe, will 
find, that all places of the earth do 
equally enjoy the benefit of the ſun, in 
reſpect of time, andare equally depriv- 
ed of it. For, the days and nights are 
always equally long at the equator : 
and in all places that have latitude, 
the days at one time of the year are ex- 
actly equal to the nights at the oppo- 
ſite ſeaſon. 1 | 


PROBLEM XXI. 


To find in what latitude the ſun ſhines 
conflantly without ſettmg, for any 
length of time leſs than * 1825 of our 
days and nights. 


Find a point in the ecliptic half as 
many degrees from the . 
Cancer (either toward Aries or Libra 
as there are + natural days in the time 
given; and bring that point to the 
north ſide of the braſen meridian, on 

which 
| * The reaſon of this limitation is, that 1824 of our 
days and nights make half a year, which is the longeſt 


time that the ſun ſhines without ſetting, even at the 
poles of the earth, 


+ A natural day, contains the whole 24 hours: an 


artificial day, the time that the ſun 3s above the 
horizon, 
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which the degrees are numbered from 
the pole towards the equator: then, 
keep the globe from turning om its axis, 
and ſlide the meridian up or down, until 
the foreſaid point of the. ecliptic comes 
to the north point of the horizon, and 
then, the elevation of the pole will be 
equal to the latitude required. 


"PROBLEM XXII. 
The latitude of a place, not excerding 663 
degrees, and the day of the month being 
given; to find the ſun s amplitude, or 
point of tie le on n le r Pcs 


"or ſets. 


Rectify the globe, and 5 ng 


ſun's place to the eaſtern ſide 


horizon; then obſerve what point of 
the compaſs on the horizon ſtands 


right againſt the ſun's place, for that 
is his amplitude at riſing. This done, 


turn the globe weſtward, until the 


ſun's' place comes to the weſtern ſide 


of the horizon, and it will cut the 
point of his amplitude at ſetting. Or, 
you may count. the. riſing amplitude in 
degrees, from the eaſt point of the 
horizon, to that point where 1 ſun's 

place 
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place cuts it; and the ſetting amplitude; | 


from the welt; point of the horizon, 80 
5. ſun's place a ſetting. 


PROBLEM XXIII 


The LE 3 fun' s 3 and his * 
altitude being gruen.;. to find the hows 
of the day, and the fur s azimuth, or 
number of degrees that he i 75.61 tant rom 


the meridian. 


Rectify the globe, and bring the ſun 8 
place to the given height u pon the qua- 
drant of altitude; on the eaſtern ade of 
the horizon, if tlie time be in the fore- 
noon; or the weſtern fide, if it be inthe 


afternoon : then, the index will ſhew 


the hour; and the number of degrees 
in the Bbrizon, intercepted between the 
quadrant of altitude and the ſouth point, 
will be the ſunss 5 true azimuth at that 
time. * 

N. B. Always when the quadrant of 
altitude is mentioned in Working any 
problem, the pegs? os of it 18 
meant. 

If chis be tine at fea, and compared 


with the ſun's azimuth, as ſhewn by 


the 


The rk g Attend, at any time, 1 his height 
above the horizon at that time. 


* 
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the compaſs, if they agree, the compaſs 
has no variation in that place: but if 
they differ, the compals oo vary; and 
the variation is equal to this difference. 


, PROBLEM XXIV, 

The latitude, hour of - the day, and the 
un plate, being given; to find the 
fur's altitude azimuth, 


Rectify the globe, and turn it until 


the index * to the given hour; 


then lay the t of altitude over 
the ney ING in the eclip . 
ee quadrant cut e ſun's 
. is his altitude at that oj above 
the horizon ; and the degree of the ho- 
rizon cut by the quadrant is the ſun's 
azimuth, reckoned from the ſouth. 


PROBLEM XXV. 


The 1 — 5 fon s . and his 


| azimuth being gruen; to find his place 
min the eth . _ day of the month, 
and hour of the day, though they had 
| all been oft. | 


0 the . for the latitude and 
* zenith, 
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* zenith, and ſet the quadrant of alti- 
tude to the given GA in the hori- 
zon; keeping it there, turn the globe 
on its axis until the echptic cuts the 
quadrant in the given altitude: that 
point of the ecliptic which cuts the 
quadrant there, will be the ſun's place; 
and the day of the month anſwering 
thereto, will be found -over the like 
place of the ſun on the wooden horizon. 
Keep the quadrant of altitude in that 
poſition, and having brought the fan's 
lace to the braſen Fen and the 
index to XII at noon, turn back 
the globe, until the ſun's place cuts the 
quadrant of altitude again, and the index 
will ſhew the hour. 
Any two points of the ecliptic which 
are equi-diſtant from the beginning of 
Can or of Capricorn, will have the 
ſame altitude and azimuth at the fame 
hour, though the months be different ; 
and therefore it requires ſome care in 
this problem, not to miſtake both the 
month, and the day of the month; to 
avoid which, obſerve, that from the 
20th of March to the 21ſt of Jane, 
tin part of the ecliptic which is 
between 


= By reRifying the globe for the zenith, is meant 
ſcrewing the quadrant of altitude to the given latitude 
on the braſs meridian. 
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between the beginning of Aries and be- 
ginning of Cancer is to be uſed: from 
the 21ſt of June to the 2 3d of Septem- 
ber, between the beginning of Cancer 
and beginning of Libra: from the 23d 
of September to the 2 xt of December, 
between the beginning of Libra and the 
beginning of Capricorn; and from the 
21ſt of December to the 20th of March, 
between the beginning of Capricorn and 
beginning of Aries. And as one can 
never be at a loſs to know in what quar- 
ter of the year he takes the ſun's alti- 
tude and azimuth, the above caution 
with regard to the quarters of the eclip- 
tic, will keep him right as to 1s month 
and day thereof. 


PROBLEM XXVI. 


To find the length of the longeſt day at ay 
ven place, roh 


If the Gs be on the north fide of 
the equator (find its latitude by Prob. 
I. and elevate the north to that latitude) ; 
then, bring the beginning of Cancer = 
to the braſen meridian, and ſet the hour- 
index ta XII at noon. But if the given 
place be on the ſouth ſide of the equator, 
elevate the ſouth pole to its latitude, 

and 
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and bring the beginning of Capricorn vs 
to the braſs meridian, and the hour- 
index to XII. This done, turn the globe 
weſtward, until the beginning of Cancer 
or Capricorn (as the latitude is north or 
ſouth) comes to the horizon; and the 
index wall then point out the time of 
ſun-ſetting, for it will have gone over 
all the afternoon hours, between mid- 
day and ſun-ſet ; which length of time 
being doubled, will give the whole 
length of the day, from ſun-riſing to 
ſun-ſetting. For, in all latitudes, the 
ſun riſes as long before mid-day, as he 
ſets after it. 


PROBLEM XXVII. 


To find in what latitude the longeſt day 
is of any given length te eſs than 24 
hours. 


If the latitude be north, bring the 
beginning of Cancer to the braſen me- 
ridian, and elevate the north pole to 


about 66 degrees; but if the latitude 


be ſouth, bring the beginning of Ca- 


rcorn to the meridian, and elevate 


the ſouth pole to about 6653 degrees, 


becauſe the longeſt day in north latitude, 
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is when the ſun is in the firſt point of 
Cancer; and in ſouth latitude, when he 
is in the firſt point of Capricorn. Then 
ſet the hour-index to XII at noon, and 
turn the globe weſtward, until the index 
at half the number of hours giv- 
en; which done, keep the globe from 
turning on its axis, and ſlide the meridi- 


an down in the notches, until the afore- 


ſaid point of the ecliptic (viz. Cancer or 

orn) comes to the horizon; then, 
the elevation of the pole will be oqual 
to the latitude required. 


PROBLEM XXVII. 


The latitude of any place, not exceeding 


66 degrees being given; ; fo find m 
what * climate the place is. 


Find the length of the longeſt day 
at the given place by Prob. XXVI. 
and 


* A Climate, from the equator to either of the po- 
lar cireles, is a tract of the earth's ſurface, included 
between two ſuch parallels of latitude, that the length 
of the longeſt day in the one exceeds that in the other 
by half an hour; but from the polar circles to the 
poles, where the ſun keeps long above the horizon 
without ſetting, each climate differs a whole month 
from the one next to it. There are twenty-four cli- 
mates between the equator and each of the polar cir- 
cles; and fix from each polar circle to its reſpectixe 
pole. 


The Uſe of the Terreſtrial Globe 


and whatever be the number of hours 
whereby it exceedeth twelve, double 
that number, and the ſum will give the 
climate in which the place is. 


PROBLEM XXX. 


The latitude and the day of the month, be- 


ing given; to find the hour of the day 
when the fun ſhines. 


Set the wooden horizon truly level, 
and the brafen meridian due north and 
fouth by a mariner's compaſs : then, 
having rectified the globe, ſtick a ſmall 
ſewing-needle into we fun's place in the 
ecliptic, perpendicular to that part of 
the ſurface of the globe: this done, 
turn the globe on its axis, until the needle 
comes to the braſen meridian, and ſet 
the hour- index to XII at noon; then, 
turn the globe on its axis, until the 
needle points exactly towards the ſun 
(which it will do when it caſts no ſha- 
dow on the globe) and the index will 
ſhew the hour of the day. 


PROBLEM. 
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PROBLEM XXX. 10 


4 pleaſant way of e g all theſe places 
of the earth which are enlightened by 
the ſun, and alſo the time of the day 
hen the Jun Shines. | 


Take che terreſtrial ball out of the 
wooden horizon, and alſo out of the 
braſen meridian ; then ſet it upon a 

deſtal in ſun-ſhine, in ſuch a man- 
ner, that its north pole may point di- 
rectly towards the north pole of the 
heaven, and the meridian of the place 
where you are beftectly towards the 


ſouth. Then, the ſun will ſhine upon 


all the like places of the globe, that 
he does on the real earth, riſing to 


ſome when he is ſetting to others; as 


you 'may perceive by that part where 
the enlightened half of the globe is di- 
vided from the half in the ſhade, by 
the boundary of the light and darkneſs : 
all thoſe places, on which the ſun ſhines, 
at any time, having day ; and all thoſe, 
on which he does not ſhine, having 
night. 
If a narrow flip of paper be put 

round the equator, and divided into 


24 equal 


„ . beginning at the me- 
ridian of your place, and the hours be 
ſet to thoſe diviſions in ſuch a man- 
ner, that one of the VI's may be upon 
your meridian ; the ſun being upon 
that meridian at noon, will then ſhine 
exactly to the two XII's; and at one 
o'clock to the two Is, & c. So that the 
place, where the enli ohtened half .of 
* lobe is parted — the ſhaded half, 

circle of hours, Will ſhew the 
hour of day. +: 

We ſhall here add the following = 
8 on the Terreſtrial Globe and 
then ee the Uſe A 
GIG: G. "TW TIO 


* 1. The latitude of any Ster 27 
the elevation of the pole 


of that place, and the elevation of the 
Equator. 45 egual to the complement of the 
latitude, that is, to what. . — 
enen W IN d 


. Je places a hes — 
Fee no latitude, it being there * the 


latitude begin; and thoſe. —— which lie 
on the firſt meridian have ns longitude, 
it being there that. the longitude begins, 
N char n Place of the 


earth 


the horizon 
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earth where the firſt meridian intenſecls 
equator" has rere ram * 
r on 


* * 
1 7 155 — 


203. mol plat he conan; the 


les, all the points of the copyet be 
Age thed 2715 — — fide the 


aur, pole; every plate it fe; and from 
the foluth olty'- on Nabe i north; 
Therefore; as We fun is conſtantly above 
the horizon gf each pole For gulf u year in 
ts turn, he cannot ſaid ro depart from 
the” eri Filler —.— for half a year 
28 "Com the north pole 
i nay be Jaid J an non every- moment for 
half a year ; and let the 2 from 
what part they will, they muſt always 
Blow from whe. foneh; ny edn 
nk n dle ern. x. 2 8 
SW. de | 
4. FEY * Balf of the zcliptic 8 
Ae the horizon f the pole, and the fun, 
moon and planets, move rt {ormearly in) 
the ecliptic ; they will riſe and ſet to the 
Poles. But, Bebauſe the lars nouer change 
their derlinatinms from the equator {at leaft 
ot ſenfibly-in one age thoſe tohich are 
once above the horizon" of either pole, ne- 
ver ſet below" tt ; IL: ne art 
whe en never N 


5. Al 
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5. All places F the earth db equally 


enjoy the benefit of the ſium, in reſpect of 
time, and are equal Y deprived of es ey 


6. All places upon the equator ety 
their days and nights equally lang, that 
3 12 hours each, af all timer of the year, 
For although the fun declines alternately, 
from the equator towards the north and 
towards the ſouth,” yet, as the horizon 0 
the equator Cuts ou the 8 [att- 
tude and declination in hatves, the fun muſt 
aluuys continue above the horizon” for one 
hatfo a diurnal revolution weint * earth, 
and. or the other uf below it. n 


8 When the fun' 5 declination i 75 greater 


than the latitude of any place, upon either 


fide of the equator, 5 fun will come twice 
to the azimuth" or point of the compaſs in 
the forenoon af that place; and twice to a 
like azimuth in the afternoon; that ts, he 
will go twice back” every day, whilſt his 
declination contmues to be greater than 
the latitude. Thus, ſuppoſe the globe 
rectgsed to the latitude of Barbadbes, 
which is 13 degrees north ; and the fun 
to be any Ab in the echiphe” Between 
the middle of Taurus and middle of Leo ; 
if the quadrant of altitude be ſet 
F 2 About 


% 
= 
„ 
2 
— 
* 
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bout * 18 degrees north of tlie eaſt in 
the -horizon, the ſun's place be marked 
with a chalk upon the flee, and the 


globe be then turned weſtward on its axis, 


the ſaid mark will riſe in the horizon, a 
little to the north of the. quadrant, and. 
thence aſcending, it. will croſs the ua 
drant towards the feuth z but before it 
arrives at the meridian, it will croſs the 
quadrant. again, and paſs. over the meri- 
dian northward of | Barbadoes. And if 
the quadrant be ſet about 18 degrees north 
of. the weſt, the ſun's place will croſs it 
twice, at it deſcends. from the 
towards the horizon, in the afternoon... . 


8. In all places of. tlie carth between 
the equator and the pales,” the days and 
nights are equally long, viz..11 hours each, 
when the fun ic in the e uiodHal ; for, m 
all elevations of the pole, ſhort of 90 de- 
grees (which is the greateſt } one half of the 
equator or equinoetial will be above the 


horizon, and Lhe other half below it. 


9. The days and nights are never af an 
- length at any place between the 
ne and the polar As, but when the 


fun 


From the middle of Gemini to the middle of 
cancer, the quadrant may be ſet 20 degrees. 


fun enters the figns Y Aries and & Libra. 
For in every other part of the ecliptic, 
the circle of the ſun's daily motion is di- 
vided into two unequal parts by the horizon. 


10. The nearer that any place is to the 
equator, the leſs is the difference between 
the 1 the days and nights in that 

es; the more remote, the contrary. 
The circles which the ſun deſcribes in the 


heaven every 24. hours, being cut more 


nearly equal in the former caſe, and more 


11. In all places lying upon any given 
parallel of latitude, however long or ſhort 
the day or night be at any one of theſe pla- 
ces, at any time of the year, it it then of 
the ſame . at all the reſt; for in turn- 
ing the globe round its axis (when recti- 
fied according to the ſun's declination } all 
theſe places will keep equally long above or 
below the horizon. 


12. The ſun is vertical twice à year to 
every place between the tropics ; to thoſe 
under the tropics, once a year, but never 
any where elſe. For, there can be no place 
between the tropics, but that there will be 
two points in the ecliptic, whoſe declina- 
tion from the equator is equal to the par 

f Fa 
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tude of tlat place; and but one point of 
the ecliptic which has a declination equal 
to the latitude of places on the tropic which 
that point of the ecliptic touches ; and 2 
the ſun never goes without the tropics, he 
can neuer be vertical to any place that 
lies without them, 


- To all places in the * torrid zone, 
* ration of the twilight is leaſt, becauſe 
the ſun's daily motion is the moſt perpen- 
dicular to the horizon. 3 the frigid + 
Zones, greate n's 
motion 4 i 6 70 to p 6, 1 
and therefore ſie ts the longer of getting 
18 degrees below: it {till which time the 
N always continues. } And in the | 
temperate zones it is at a medium between 
the two, becauſe the obliquaty of tlie ſun's 
4 motion ts y. 


os all pres Jing . under 
the — circles, the ſun, when he is in 
the neareſt tropic, continues 24 hours 
above the horiſon without fetting ; becauſe 
no 7 of that” W ts below \ 
Between the 
+ Between the ate and 
T { Between the - tropics and polar circles. 


horrzon.”" And when the" ſum is in the” 
fartheſt tropie, ſie is for the fame len gh 


of tune without rifing ; becauſe no 

of that tropic is above "their 2 | 
But, at all other times of the year, he 
riſes and ſets there, as in other places; 


becauſe all the circles that can be draum 
parallel to the equator, between the tropics 


are more or leſs cut by the horizon, as 
they are farther from, or nearer to, that 
tropic which is all above the horizon : — 
when the fun is not in either of the tr | 
his diurnal courſe muſt be in one or other 
of _ arcler. 


15. To all places in in the northern "RY 
miſphere, from the equator to the polar 
circle, the longeſt day and ſhorteſt night 
it when the fun is in the northern tropic ; 
and the ſhorteſt day and longeſt night ir 


when the fun is in the ſouthern tropic ; be- 


cauſe no circle of the ſun's daily motion is. 


fo much above the horizon; and fo little 
below it, as the northern tropic; and none 
fo little above it, and ſo much below it. 


In the 1 n the contrary. 
16/1668 Wie. 3 


cireles and poles, the fun appears far 


ler aunber gf days (or * diurnal 


revoluttons } 
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revolutions ) without ſetting ; and at the 
ee time of tlie year without riſing; 
cauſe ſome. 9 of — ecliptic never ſets 
in the former caſe, and as much of the 
oppofite- part. never riſes in the tter. 
the nearer unto, or the more remote 
from the pale, theſe places are, the longer 
or ſhorter is the fun $ | continu ur or 
lee. | 


2 If a ſhip. ſets out from 8 
and ſails round tlie earth eaſtward to 


the ſame port  agam, let her, take what 
time ſhe will to do it in, the people in 
that ſhip, in reckoning their time, will 
gain one compleat day at their return, or 
count one day more "then thoſe who refide 
at the fame port; becauſe, Y going con- 
frary to the ſun s diurnal mation, and be- 
ing fer warder every evening than they 
were in the morning, their... horizon wil 
get ſo much tlie ſooner above tlie ſet- 
ting ſun, than if then had. hept for 
a whole day at any particular place. 
And thus, / cutting off a part pro- 
| portionable to their own motion, from 
the length of every day, they will gain a 
campleat day of that ſort at tlieir return; 
without gaining one moment of abſolute. 
* more ** is elapſed. during... their, 


courſe, 


"D 


erreſtrial Globe. 


cour 2 to the * at the port. If they 


fail weſtward, they will reckon one day 
4 eſs than the people 2 who refide at the ſaid 
port, becauſe gradually following the 

rent diurnal mation of the ſun, they 
will keep Frm each particular day ſo much 
longer above their horizon, as anſwers to 
that day's courſe ; and by that means, 
they cut off a whole day in reckoning, at 
their return, without ly Ying « one moment 
of abſolute time. 


Hence, if two ſhips ſhould ſet out at the 
fame time from any port, and ſail round 
the globe, one eaſtward and the other weſt 
ward, fo as to meet at the ſame port on 
any day whatever ; they will differ two 
s in reckoning their time at their re- 
turn. If they ſail twice round the earth, 
they will differ four days ; if thrice, then 


fix, Ce. 


THE 


73 


- 


75 


THE USE OF THE 
CELESTIAL GLOBE, 
A* 


ARMILLARY SPHERE. 


i | 


Having done for the preſent The 
with the terreſtrial globe, we ſhall pro- ia lobe. 
ceed to the ule of the celeſtial ; firſt 
premiſing that as the equator, ecliptic, 
tropics, polar circles, horizon, and bra- 
{en meridian, are exactly alike on both 
globes, all the former problems con- 
cerning the ſun are ſolved the fame 
way by both globes, The method alſo To rectify 
of rectifying the celeſtial globe is the it. 
ſame as rectifying the terreſtrial, viz. 
Elevate the pole according to the lati- 
tude of your place, then ſcrew the qua- 
drant of altitude to the zenith, on the 
braſs meridian ; bring the ſun's place 
in the ecliptic to the graduated edge of 
the braſs meridian, on the fide which is 

we” above 


c . * a. 
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| Pres the ſouth point of the SY 


Latitude 
and longi- 
tude of the 


fare. 


horizon, and ſet the hour-index to the 
uppermoſt XII, which ſtands for noon. 

N. B. The ſun's place for any day 
of the year ſtands directly over that day 
on the horizon of the celeſtial globe, as 
it does on that of the terreſtrial. 

The latitude and longitude of the 
ſtars, or of all other celeſtial phe- 
nomena, are reckoned in a very dif- 
ferent manner from the latitude and 
longitude of places on the earth: for 
terreſtrial latitudes are reckoned from 
the equator; and longitudes from the 
meridian of ſome remarkable place, 
as of London by the Engliſh, and of 
Paris by the French; though moſt of 
the French maps be gin . longi- 
tude at the meridian of the iſland 
Ferro. But the aftronomers of all 
nations agree in reckoning the /atitudes 
of the moon, ſtars, planets, and comets, 
from the. ecliptic ; and their longitudes 
from the * _ equinoetial colure, in that 

_ ſemicircle 


be great circle that paſſes through the oh 
noctial points at the beginning of Y and a, and 
through the poles, of the world (which are two 
oppoſite points, each go degrees from the equi. 
noctial * the eguinoctial colure ; and the greg 


circle that paſſes through the beginning of and vp 
and 
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ſemicircle of it which cuts the ecliptic 


at the beginning of Aries M; and thence 
eaſtward, quite round, to the ſame ſe- 


micircle again. Conſequently thoſe ſtars 
which lie between the equinoctial and 
the northern half of the ecliptic, have 


north declination and ſouth latitude ;_ 
thoſe which, lie between the equinoctial 


and the ſouthern half of the, ecliptic, 
haye ſouth declination and north lati- 
tude; and all thoſe which lie between 
the tropics and poles, have their decli- 
nations and latitudes of the fame de- 
nomi nation | 


CTC 


* It! ac Oni en 10 
There arc fix great cles on the 


- 


celeſtial globe, Which cut the ecliptic, 


erpendicularly, and meet in two op- 
8 points in the polar circles; which 

ints are each ninety degrees from 
he. ecliptic, and are called its poles. 
Theſe polar points divide thoſe cir- 
cles into twelve ſemicircles; which cut 
the ecliptic at the beginnings of the 
12 ſigns. They reſemble ſo many 
meridians on the terreſtrial globe; and 
as all places which lie under any par- 
ticular meridian ſemicircle on that 
* i _— 


and alſo through the poles of the ecliptic, and 
poles of the world, is called the ſol7itial colure. 


4 
[ 
i 
8 
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globe, have the ſame Jongitude, fo all 
thoſe points of the heaven, through 
which. any one of the above ſemicircles 
are drawn, have the ſame longitude. — 
And as the greateſt latitudes on the 
earth are at the north and ſouth poles of 
the earth, fo the greateſt, latitudes in 
the heaven, are at the north and ſoath 
poles of the ecliptie. 

In order to diſtinguiſh the ſtars, 
with regard to their ſituations * and 
poſitions in the heaven, the antients 
divided the whole viſible firmament 
of ſtars into_particular ſyſtems, Which 
they called confeellarions ; and digeſted 
them into the forms of ſuch animals as 
are delineated upon the. celeſtial globe. 
And thoſe ſtars which lie between the 
figures of | thoſe imaginary. animals, 
and could not be brought *within 
compals, of any of them, were called 
unformed ſtars. 

Becauſe the moon and all the bun; 
were obſerved to move in Circles or 
orbits which croſs the ecliptic (or Ine 
of the fan's path) at ſmall angles, and 
to be on the north fide of the ecliptic 
for one half of their courſe round the 
heaven of ſtars, and on the ſouth fide 
of it for the other half, but never to 
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go quite 8 degrees from it on either 
ſide, the ancients diſtinguiſhed that 


er by two leſſer circles, Nel to 
e ecliptie (one on each neh At 8 de- 
grees diſtance from it. And the ſpace 
included between theſe circles, 

called the zodiac, becauſe moſt of the 
12 conſtellations placed therein reſem- 
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ble ſome living creature. Theſe con; Its figus 
ſtellations are, 1. Aries, v the ram; 2. or diviß- 


Taurus u, the bull; 4. Gemini n; the 


twins ; 4. Cancer =, the crab; 5. Leo 
R, the lion; 6. Virgo m, the virgin ; 
7. Libra a, the balance; 8. Scorpio m, 
the ſcorpion; 9. Sagittarius 2, the 
archer; 10. Capricornus v, the goat; 
Ii. Aquarius a, the water bearer; and 
12. Piſcen x, the fiſhes. 


it 5 0 be” obſerved, that in the Remark 


infancy of ” aſtronomy, theſe twelve 
conſtellations ftood at or near the 
places of the ecliptic, where the above 
characteriſtics are marked upon the 
lobe: but now, each conſtellation 
= got a whole fign forwarder, on 
account of the receſſion of the equi- 
noctial points from their former places. 
So that the conſtellation of Aries, is 
now got into the former place of Taurus; 
that of Taurus, into the former place 
Gemini; and ſo on. 


The 
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The ſtars appear of different mag- 
nitudes to the eye; probably becauſe 
they are at different from us. 

Thoſe which: appear brighteſt and lar- 
geſt, are called ſlart of the firſt. magni- 
tude; the next to them in fize and luſ- 
tre, are called /ars of the ſecond magni- 
tude; and ſo on to the ft, which are 
the ſmalleſt eee eee 


bare eye. 


Some of the moſt 31 ſtars 
bore names given them, as Caſtor. and 
allux in the heads of the Twins, Sirius 
in the mouth of the Great Dag, Procyon 
in the fide of the Lirti⸗ jg Fi in 
the left foot of Orion, Arcturus 
the right thigh of Bootes, &. 
Theſe things being premiſed, which 
I think are all that the young Tyro need 


be: acquainted with, before he begins 


to work any problem by this globe, we 


| ſhall now roceed to,the mo uſeful of 


Bs roblems; . amitting ſeveral, which 
+ little or no.confequence;  . -,//.,/. 


ex7).; " g « F a I, 1 
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p ROB L E M I. 


To find the * right aſcenſion and + decli- 
nation of the ſun, or any fixed tar. 


Bring the ſun's place in the ecliptic 
to the braſen meridian, then that degree 
in the equinoctial which is cut by the 
meridian, is the ſun's right aſcen/ion ; 
and that degree of the meridian which 
is over the ſun's place, is his declination. 
Bring any fixed ſtar to the meridian, 
and its right aſcenſion will be cut by the 
meridian; in the equinoctial; and the 
degree of the meridian that ſtands over 
it, is its dechnation. - 

So that right aſcenſion and declination, 
on the celeſtiatglobe, are found in the 
ſame manner as ion gitiede and /atitude 
on . terreſtrial. 


/ * The degree of the EjuinoAiR, reckoned Rom 
the beginning of Aries that comes to the meridian 
with the Zap or ſtar, is its right aſceſ on. 

+ The diſtance of the fun or ſtar in degrees from 
the equinoctial towards either of the poles, north or 


ſouth, is its declinaticn, which is north or ſouth ac- 
cordingly. 
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PRO BLE M II. 
To find the latitude and langituue of any 


Aar. 


If the given ſtar be on the north ſide 
of the ecliptic, place the goth degree 
of the quadrant of altitude on the north = 
pom of the ecliptic, where the twelve 
emicircles meet; which divide the 
echptic into the 12 ſigns: but if the ſtar 
be on the ſouth ſide of the ecliptic, 
place the goth degree of the q 

on the ſouth pole of the ecliptic: keep- 
ing the goth degree of the quadrant on 
the proper pole, turn the quadrant 
about, until its graduated edge cuts the 
ſtar: then, the number of degrees in 
the quadrant, between the ecliptic and 
the ſtar, is its latitude; and the de- 
ee of the ecliptic cut by the qua- 


drant is the ſtar's longitude, reckoned 
* according to the fign in which the 
quadrant then is. 


PROBLEM 


The Uſe of the Celeſtial Globe. 


PROBLEM III. 


To repreſent the face of the Harry N 
ment, as ſeen from any 7 place of 
the earth, at any hour of the night. 


Rectify the celeſtial globe for the 
given latitude, the zenith, and ſun's 
place, in every reſpe&, as taught by 
the 1 7th problem, for the terreſtrial ; 
and turn jt about, until the * points 
to the given hour: then, the upper 
hemiſphere of the globe will r * 
the vihble half of the heaven 
time: all the ſtars upon the globe — 
then in ſuch ſituations, as exactly cor- 
reſpond to thoſe in the heaven. Ang 
if the globe be placed dyly north and 
ſouth, by means of a ſmall {ea-compals, 
every {tar on the globe will point to- 
ward the like ſtar in the heaven: by 
which means, the conſtellations and 
remarkable ſtars may be eaſily known. 
All thoſe ſtars which are in the eaſter 
ſide of the heaven; all in the weſtern, 
are ſetting in the weſtern fide; and all 
thoſe under the g= art of een 


meridian, 
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meridian, between the ſouth point of 


the horizon and the north pole, are at 
their greateſt altitude, if the latitude of 
the place be north: but if the latitude 
be ſouth, thoſe ſtars which lie under 
the upper part of the meridian, between 
the north point of the horizon and the 
ſouth pole, are at their greateſt altitude. 


PROBLEM IV. 


The latitudes of the place, and day of the 

month, being given; to find the time 
wen any known flar will riſe, or K 
ußon the un, or et. 


- Having tedtified the globe, turn it 
about until the given ſtar comes to 
the eaſtern fide of the horizon, and 
the index will ſhew the time of the 
ſtar's rifing; then turn the globe weſt- 
ward, and when the ſtar comes to the 
braſen meridian, the index will ſhew 


the time of the ſtar's coming to the 
meridian of your place; laſtly, turn 
on, until the ſtar comes to the weſtern 
| fide of the horizon, and the index 
will ſhew the time of the ſtar's ſetting. 


N.B. In 
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N.B. In northern latitudes, thoſe 
ſtars which are leſs diſtant from the 
north pole, than the quantity of its 
elevation above the north point of the 
horizon, never ſet; and thoſe which are 


leſs diſtant from the ſouth pole, than 


the number of degrees by which it is 


* below the horizon, never 
iſe: and vice verſa in ſouthern latitudes, 


PROBLEM V. 


To find at what time of the year a given 
ar will be upon the meridian, at a 


given hour of the night. 


Bring the given ſtar to the upper 
ſemicircle of the braſs meridian, and 
ſet the index-to the given hour; then 
turn the globe, until the index points 
to XII at noon, and the upper ſemi- 
circle of the meridian will then cut 
the ſun's place, anſwering to the day 
of the year ſought ; which day may be 
eaſily found againſt the like place of 
the ſun among the ſigns on the wooden 
horizon. 


PROBLEM 
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PROBLEM VL 


The latitude, day of the month, and * azi- 
math of any known ſtur being given; 
1 find the hour of the night. 


Having rectified the globe for the 
latitude, zenith, and ſun's place; lay 
the quadrant of altitude to the given 
degree of.azimuth in the horizon; then 
turn the globe on its axis, until the ſtar 
comes to the graduated edge of the 
quadrant; and when it does, the index 
will point out the hour of the night. 


PROBLEM VI. 


The Iatitude of the place, the dey of the 
month, and altitude + of any known 

far, being given; to find the hbur of 
the ntp/ht. 


night 
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Rectify the globe as in the former 
problem, gueſs at the hour of the 
night, 


The number of degrees that the ſun, moon, or 
any ſtar is from the meridian, either to the eaſt or 
weſt, 1s called its azimuth. 

+ The namber of degrees that the ſtar is above the 

horizon, as obſerved by means of a common quadrant, 


1s called its altitude. 
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night, and turn the globe until the in- 
dex points at the ſuppoſed hour; then 
lay the graduated edge of the quadrant 
of altitude over the known ſtar, and if 
the degree of the ſtar's height in the 
quadrant upon the globe, ' anſwers ex- 
actly to the degree of the obſerved alti- 
tude in the heaven, you have gueſſed 
exactly: but if the ſtar on the globe is 
higher or lower than it was obſerved to 
be in the heaven, turn the globe back- 
wards or forwards, keeping the edge of 
the quadrant upon the ſtar, until its cen- 
ter comes to the obſerved altitude in the 
quadrant ; and then the index will ſhew 
the true time of the night. 


| 


PROBLEM VIII. 


An eaſy method for finding the hour of 


the night by any known ſtars, with- 
out knowing, © either their altitude or 
azimuth ; and then, of finding both 
their altitude and azimuth, and thereby 
the true meridian, 


Tie one end of a thread to a com- 
mon muſket bullet ; and, having rec- 


tified the globe as above, hold the 


other 


* 
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other end of the thread in your hand, 
and carry it flowly round betwixt your 
eye and the ſtarry heaven, until you 
find it cuts any two khown ſtars at 
once. Then, gueſſing at the hour of 
the night, turn the globe until the 
index points to that time in the hour- 
circle; which done, lay the graduated 
edge of the quadrant over any one of 
theſe two tars on the-globe, which the 
thread cut in the heayen. If the ſaid 
edge of the - quadrant cuts the other 
ſtar alſo, you have gueſſed the time 
exactly; but if it does not, turn the 
globe only backwards or forwards, 
until the quadrant: (kept upon either 
ſtar) cuts them both through their 
centers: and then, the index will point 
out the exact time of the night; the 
degree of the horizon, cut by the qua- 
drant, will be the true azimuth of 
both theſe ſtars from the ſouth ; 

and the ſtars themſelves will cut 
their true altitude in the quadrant. 
At which moment, if a common 
azimuth compaſs be ſet upon a floor 
or level pavement, that theſe ſtars 
in the heaven may have the ſame 
bearing upon it (allowing for the va- 
riation of the needle) as the nn 
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of altitude has in the wooden horizon of 
the globe, a thread extended over the 
he and ſouth points of that compaſs 
will be directly in the plane of the me- 
ridian: and if a line be drawn upon the 
floor or pavement, along the courſe of 
the thread, and an upright wire be 
placed in the ſouthmoſt end of the line, 
the ſhadow of the wire will fall upon that 
line, when the ſun is on the meridian, 
and ſhines upon the pavement. 


PROBLEM NX. 


To find the place of the moon, or of any 
planet, and thereby to ſhew the time of 


its ring, ſouthing and ſetting. 


See in Parker's or Weaver's Ephe- 
meris the * geocentric place of the 
moon or planet in the ecliptic, for the 
given day of the month ; and, accord- 
ing to its longitude and latitude, as 
ſhewn by the Ephemeris, mark the 
ſame with a chalk upon the globe. 
Then, having rectified the globe, turn 
it round its axis weſtward and as the 

ſaid 


The place of the Moon or planet, as feen from 
the earth, is called its geocentric place. 
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aid mark comes to the eaſtern fide of 
the horizon, to the braſen meridian, 
and to the weſtern fide of the horizon, 
the index will ſhew at what time the 
et riſes, comes to the meridian, and 


ſets, in the ſame manner as it would do 
for a fixed ſtar. 3 


PROBLEM X. 


To explain the phenomena of the harveſt 
moon. 


In order to do this, we muſt pre- 
miſe the following things. 1. That 
as the ſun goes only once a year round 
the ecliptic, he can be but once a year 
in any particular point of it: and that 
his motion is almoſt a degree every 24. 
hours at a mean rate, 2. That as the 
moon goes round the ecliptic once in 
27 days and 8 hours, ſhe advances 1 3: 
degrees in it, every day at a mean rate. 
3. That as the ſun goes through part 
of the ecliptic in the time the moon 
goes round it, the moon cannot at any 
time be either in conjunction with the 
ſun, or oppoſite to him, in that part 
of the ecliptic where the was ſo the 
laſt time before; but muſt travel as 


much 
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much forwarder, as the ſun has advanc- 
ed in the ſaid time; which being 295 


days, make almoſta whole fign. There- : 


fore, 4. The moon can be but once a 
ear oppoſite to the ſun, in any particu- 

lar part of the ecliptic. 5. That the 
moon is never full but when ſhe is oppo- 
ſite to the ſun, becauſe at no other time 
can we ſee all that half of her, which 
the ſun enlightens. 6. That when any 
point of the ecliptic riſes, the oppoſite 
point ſets. Therefore when the moon 
1s oppoſite to the ſun, ſhe mult riſe at* 
ſun let. 7. That the different ſigns of 
the ecliptic riſe at very different angles 
or deprees of obliquity with the horizon, 
eſpecially in conſiderable latitades 
and that the ſmaller this angle is, the 
greater is the portion of the ecliptic 
that riſes in any ſmall part of time; 
and vice verſa. 8. That, in northern 


latitudes, no part of the ecliptic riſes . 


at fo ſmall an angle with the horizon, 
as Piſces and Aries do; therefore, a 
greater portion of the ecliptic riſes 
m one hour, about theſe ſigns, than 

about 


* This is not always ſtrictly true, becauſe the moon 
does not keep in the ecliptic, but crofles it twice 
every month. However the difference need not be 
regatded in a general explanation, 
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about any of the reſt. 9. That the 
moon can never be full in  Ps/ces and 
Aries but in our autumnal months, for 
at no other time of the year is the ſun 
in the oppoſite ſigns of Virgo and Libra. 

Theſe things premiſed, take 134 de- 
grees of the ecliptic in your compaſſes, 
and, beginning at Piſces, carry that ex- 
tent all round the ecliptic, marking the 
places with a chalk where the points of 
the compaſles ſucceſſively fall. So you 
will have the moon's daily motion mark- 
ed out for one compleat revolution in 


the ecliptic (according to & 2 of the laſt 

paragraph.) | 
Rectify the globe for any conſiderable 
northern latitude, (as ſuppoſe that of 
London) and then, turning the globe 
round its axis, obſerve how much of 
the hour-circle the index has gone 
over, at the riſing of each particular 
mark on the ecliptic; and you will 
find that ſeven of the marks (which 
take in as much of the ecliptic as the 
moon goes through in a week) will 
all riſe ſucceſſively about Piſces and 
Aries, in the time that the index goes 
over two hours. Therefore, whilſt the 
moon is in Piſces and Aries, the will 
not differ in general above two hours ba 
r 
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her rifing for a whole week. But if 
— take notice of the marks on the 

oppoſite ſigns, Virgo and Libra, you 
will find that ſeven of them take nine 
hours to riſe; which ſhews, that when 
the moon is in theſe two ſigns, ſhe 
differs nine hours in her riſing within 
the compaſs of a week. And ſo much 
later as every mark is riſing than the 
one that roſe next before it, ſo much 
later will the moon be of riſing any 
day, than ſhe was on the day before, in 
the correſponding part of the ARG 
The marks about Cancer and Capricorn 
riſe with a mean difference of time be- 
tween thoſe about Aries and Libra. 

Now, although the moon is in Piſces 
and Aries every month, and therefore 
muſt riſe in thoſe figns within the ſpace 
of two hours later for a whole week, 
or only about 17 minutes later eve 
day than ſhe did on the former; yet 
ſhe is never full m thefe figns, but 
in our autumnal months Auguſt and 
September, when the ſun is in Virgo 
and Libra. Therefore, no full moon 
in the year will continue to riſe ſo near 
the time of ſun-ſet for a week or fo, as 
theſe two full moons do, which fall 1 in 
the time of harveſt. 


In 
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In the winter months, the moon is 
in Piſces and Aries about her firſt quar- 
ter ; and as theſe figns riſe about noon 
in winter, the moon's riſing in them 

unobſerved. In the ſpring months, 
the moon changes in theſe ſigns, and 
conſequently riſes at the ſame time with 
the ſun; ſo that it is impoſſible to ſee 
her at that time. In the fununer months 
ſhe is in theſe ſigns about her third 
quarter, and riſes not until mid- night 
when her riſing is but very little taken 
notice of; eſpecially as ſhe is on the 
decreaſe. But in the harveſt months 
ſhe is at the full, when in theſe ſigns, 
and being oppoſite to the ſun, ſhe xiſes 
when the ſun ſets (or ſoon after) and 
ſhines all the night. 
In ſouthern latitudes, Var and Li- 
bra riſe at as ſmall angles with the hori- 
zon, as Piſces and Aries do in the nor- 
thern; and as our ſpring is at the time 
of their harveſt, it is plain their harveſt 
full moons muſt be in Virgo and Libra; 
and will therefore riſe with as little 
difference of time, as ours do in Piſces 
and Aries. 

For a fuller account of this matter, I 
muſt refer the reader to my Aſtronomy, 
in an it is deſcribed at large. 

PROBLEM 
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To explain the equation of time, en dife- 


rence of time between well regulated 
ty; clog ks and true fi Un dats. . | 
The earth's motion on its axis being 
perfectly equable, and thereby cauſing 


m apparent equable motion of the | 


ſtarry heaven. round the fame axis, 
produced to the poles of the heaven; 
it is plain that equal portions of the 
celeſtial equator paſs over the meridian 
in equal parts of time, beeaule the axis 
of the world is perpendicular to the 
plane of the equator. And therefore, 
if the fun kept his annual courſe in 
the celeſtial equator, he would al- 
ways revolve from the meridian to 
the meridian again in 24 hours ex- 
attly, as ſhewn by a well- regulated 
clock. 

But as the ſun. moves in the ecliptic, 
which is oblique both to the plane of 
the equator and axis of the world, he 
cannot always revolve from the meri- 
dian to the meridian again in 24 equal 
hours ; -but ſometimes a little ſooner, 
and at_ other times a little later, be- 

Þ 48 gcauſe 


* 
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cauſe equal partions. of the ecliptic paſs 
over he” "mendiah in unequal phi pale 
time, on account of its  obliquity. 
And this difference is the fame in all 
rennen 
To ſhew this by à globe, mak 
chalk- marks all round the equator and 
_ ecliptic, at equal 1 nd — m dne 
another (ſuppoſe o degrees) beginnin 
at ( Libra, Fer e 
circles interſect each other. Then 
turn the globe round its axis, and you 
will. fee that all the marks in the firſt 
r of the ecliptic, or from the 
beginning of Ariet to the beginning of 
Cancer, come ſooner to the braſen me- 
| ridian than their ' correſponding marks 
A do on the equator : thoſe in the 
| ſecond quadrant; or from the begin- 
| ning of Cancer to the beginning of 
| Libra, come later: thoſe in the third 
quadrant, from Libra to Capricorn, 
ſooner; and thoſe in the fourth, from 
3 Capricorn to Aries, later. But thoſe 
| at the beginning of each quadrant 
come to the meridian at the ſame time 
| with their correſponding marks on the 
j equator. 


Therefore, whilſt the ſun is in the | 
firſt and third quadrants of the eclip- 
EE bon ue, 
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tic, he comes ſooner to the meridian 
every day than he would do if he kept 
in the equator ; and conſequently he is 
faſter than a well-regulatedclock, which 
always keeps equable or equatorial 
time: and whilſt he is in the ſecond 


and fourth quadrants, he comes later 


to the meridian every day than he would 


do if he kept in the equator; and is 


therefore flower than the clock. But 
at the beginning of each quadrant, the 
ſun and clock are equal. | 
And thus, if the ſun moved equally 
in the ecliptic, he would be equal wh 
the clock on four days of the year, 
which would have equal intervals of 
time between them. But as he moves 
faſter at ſome times than at others (be- 
ing eight days longer in the northern 
half of the ecliptic than in the ſouth- 
ern) this will cauſe a ſecond inequality; 
which combined with the former, ari- 
ſing from the obliquity of the ecliptic to 
the equator, makes up that difference, 
which is ſhewn by the common equation 
tables to be between good clocks and 
true ſun-dials. | 
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THE 
DESCRIPTION * USE” 
| 0 * TH E 


*ARMILEARY' SPHERE. 


WnokVER * ow: A dk 
armillary ſphere, and underſtands how 
to uſe it, muſt be ſenſible that the 
machine here referred to, is of a very 
different, and much more advan 
conſtruction. And whoever has ſeen 
the curious glaſs ſphere invented by 
Dr. Lox," or the figure of it in his 
Aſtronomy. muſt know that the-fur- | 
niture of the terreſtrial ' globe in this | 
machine, the form of the pedeſtal, and | 
the manner of turning either the earth- 5 
ly globe, or the cireles' which fur-. 
round-it, are all copied from the Doc- 
tor's glaſs ſphere; and that the only 
difference is, a parcel of rings inſtead 
of a glaſs celeſtial globe; all the + 
additions are a moon within the ſphere, | 
en upon the a | 
2 e 


= — — — — — 
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The exterior parts of this machine 
are a compages of braſs rings, which 
repreſent the principal circles of the 
heaven, viz. 1. The equinoctial A 4, 


which i is divided into 360 degrees (be- 


at its interſection with the 
ecliptic in Aries) for ſhewing 2 
ſun's right aſcenſion in degrees; 
alſo in 24 hours, for ſhewing Th a 
right aſcenſion in time. 2. The 2 
tic B B, which is divided into 12 
ſigns, and each ſign into 30 degrees, 
and alſo into the months and days of 
the year; in ſuch a manner, that the 
degree or point of the ecliptic, in 
which the ſun is, on any given day, 
ſtands over that day in the circle of 
months. 3. The cropic of Cancer C 6 
touching the ecliptic at the be 
of Cancer in e, — the tropic _ Car, 
corn D D, touching the ecliptic at the 
beginning of Capricorn in /; each 235 


— A the equinoCtial circle. 4. 


The arctic circle 1. and the antarctic 
circle F, each 234 degrees from its 
reſpective pole at N and S. 5. The 
equinoctial colure G G, paſſing through 
the northaand ſouth poles of the hea- 
ven at N and $S, and through the 
equinoctial points Aries and Libra, in 
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the ecliptic. 6. The ſolſtitial colure HA, 


paſſing through the poles of the hea- 


ven, and through 4 ſolſtitial points 
Cancer and Capricorn, in the ecliptic. 
Each quarter of the former of theſe co- 
lures is divided into go degrees, from 
the equinoctial to the poles of the world, 
for ſhewing the declination of the ſun, 
moon, and ſtars; and each quarter of 
the latter, from the ecliptic at e and /, 
to its poles & and d, for ſhewing 
latitudes of the ſtars,” 

In the north pole of the ecliptic is 
a nut &, to which is fixed one end af 
a quadrantal wire, and to the other 
end a ſmall fun Y, which is carried 
round the ecliptic B B, by turning the 
nut: and in the ſquth pole of the eclip- 
tic is a pin at d, on which is another 
quadrantal wire, with a ſmall moon, 
Z upon it, which may be moved round 
by hand: but there is a particular con- 
trivance for cauſing the moon to move 
in an orbit which croſſes the ecliptic 
at an angle of 55 degrees, in two oppo- 
ſite points called the moon g nodes; and 
alſo for ſhifting theſe points backward 
in the ecliptic, as the moon's modes ſhift 


in the heaven. 
| Within 
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Of the Armillury Sphere. 


Within theſe circular rings is a ſmall 


terreſtrial globe I, fixt on an axis K K. 
which extends from the north and 
ſouth poles of the globe at z and , to 
at N and 
$S. On this axis is fixt the flat celeſtial 
meridian L L, which may be ſet di- 


re&ly over the meridian of any place 
on the globe, and then turned round 
with the globe, ſo as to keep over 


the fame meridian upon it. This flat 
meridian is graduated the ſame way as 
the: braſs meridian of a common globe, 


and its uſe is much the fame: To this 
globe is fitted the movable horizon 


MM, fo ds to turn 'upohi'twb ſtrong 
wires proceeding from its eaſt and weſt 
points to the globe, and entering the 
globe at oppoſite points of its equator, 


which is a moveable braſs ring let into 
the globe in a groove all around its equa- 


. "The r may be turned by hand 
„ſo as to place 4 


given ven * up on it; directly un- 


the celeſtial mkdir EL. The 


horizon is divided into 360 degrees 


all round its vutermoſt edge, within 
which are the points of the compaſs, 
for ſhewing the amplitude of the ſun 
and moon, both in degrees and points. 

The 
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The celeſtial meridian L. L. ſſes 
through two notches in the and 
ſouth: points of the Horizon, as in a 
common globe: but here, if the globe 
be turned round, the horizon and me- 
ridian turn with it. At the fouth 

le of the ſphere is a circle of 24 

urs, fixt to the rings, and on the 
axis is an index which goes round that 
circle, it the i turned * 


is.. 


The Wee fabric is ſupported on a 
pedeſtal N, and may be elevated or 
depreſſed upon the joint O, to any 
number of degrees Rem o to 90, by 
means of the are P, which is fixed 
into a ſtrong braſs arm & and ſlides 
in the upright piece R, in vrhich is 
a ſcrew at , to fn it at pd go 
vation. 

Ks the-box Tank two wheels 6 in 
Dr. Lang's ſphere) and two pinions, 
whoſe axis come out at and U; either 
of which may be turned by the ſmall 
winch V. When the winch is put up- 
on the axis V, and turned backward, 
the terreſtrial globe, with its horizon 
and celeſtial meridian, keep at reſt; 
and the whole ſphere of circles turns 
round from eaſt, by ſouth, to weſt 


carrying 
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tue Armillary Sphere. 
carrying the ſun Y, and moon Z, 
round the ſame way, and cauſing them 
to riſe above and ſet below the horizon. 


But when the winch is put upon the 


axis U, and turned forward, the ſphere 
with the ſun and moon keep at reſt ; 
and the earth, with its horizon and 
meridian, turn round from weſt, by 
ſouth to eaſt; and bring the ſame points 
of the horizon to the ſun and moon, 
to which theſe bodies came when the 
earth kept at reſt, and they were car- 
ried round it; ſhewing that they riſe 
and ſet in the ſame % oi of the ho- 
ron, and at the ſame times in the 
hour- circles, whether the motion be in 
the earth or in the heaven. If the 
carthly globe be turned, the hour - index 
goes round its hour- circle; but if the 
ſphere be turned, the hour-circle goes 
round below the index. 72: 
Ando, by this conſtruction, the ma⸗ 
chine is equally fitted to ſhew either 


the real motion of the earth, or the 2 


ent motion of the heaven. 

To rectify the ſphere for uſe, firſt 
flacken the ſcrew r in the upright ſtem 
R, and taking hold of the arm 2, move 
it up or down until the given degree of 
latitude for any place be at the * 


Of the Armillary Sphere: 


of the ſtem R; and then the axis of 
the ſphere will be properly elevated, 


ſo as to ſtand parallel to the axis of 


the world, if the machine be ſet north 
and ſouth by a ſmall compals : this 
done, count the latitude from the north 
pole, upon the celeſtian meridian LL, 
down towards the north notch of the 
horizon, and ſet the horizon to that 
latitude ; then, turn the nut 4 un- 
til the ſun comes to the given day of 
the year in the ecliptic, and the ſun 
will be at its proper place for that day : 
find the place of the moon's aſcend- 
ing node, and alſo the place of the 
moon, by an Ephemeris, and ſet them 
right accordingly : laſtly, turn the 
winch , until either the ſun comes 
to the meridian L L, or until the me- 
ridian comes to the ſun (according as 
you want the ſphere or earth to move) 
and ſet the hour-index to the XII, 
marked noon, and the whole machine 
will be retified.—Then turn the winch, 
and obſerve when the ſun or moon riſe 
and ſet in the horizon, and the hour- 
index will ſnew the times thereof for 
the given day. 


As 


—— — — —— — ——. 


105 


— — 4, 


106 F the Armillary Sphere. 


As thoſe who underſtand the uſe of 

the globes will be at no loſs to work 

many other problems by this ſphere, 

| it 1s needleſs to enlarge any farther 
| upon it. wil 


A. 
* 
| _— 
o 
: * 
\ , 
: oy 
: 
7 
7 
HER EN. 
of wal ö ” , 1 Is | . 1 


77 


A LIST 


A LIST of the APPARATUS on which Mr. 

 FexGus80N reads his Courſe of Twelve Lectures 
on Machines, Hydroſtatics, Hydraulics, Pueu- 

matics, Eledtricity, Hank, and Afrronemy- 


e numbers relate to the lectures read on the « Mackinery 
& to which they are prefixed. ) 
I. | 


SmmeLs machines for Gemdnfürüisz the 
powers of the Lever, the wheel and Axle the 
Inclined Plane, the Pullies, the Wedge, nd the 
Screw. 

A compound Engine, in which all theſe 
powers work together. N 

A working model of the great Crane at Briſtol, 
which is reckoned to be the beſt Crane in Europe. 

A working model of a Crane that has four dif- 
ferent powers, to be adapted to the different 
weight, intended to be raiſed; invented by Mr. 
Ferguſon. 

A Pyrometer that makes the expanſion of me- 
tals by heat viſible to the ninety thouſandth part 
of an inch. 


II. 


Simple machines for ſhewing the center of gra- 
vity of bodies, and how much a tower may in- 
cline without danger of falling. 

A double 


1 


A double Cone that ſeemingly rolls up-bill of 
itfelf, whilſt it is actually defcending. 

A machine made in the figure of a man, that 
tumbles backward by continually overfetting the 
center of gravity. _ 

Models of wheel-carriages; ſome with broad 
wheels, others with narrow; ſome with large 
wheels, others with ſmall: for proving experi- 
mentally which ſort is the beſt. | 

A machine for ſhewing what degree of power 
is ſuffieient to draw a loaded cart or waggon up 
hill; when the quantity of weight to be drawn up 
and the angle - the hill's height, are known. 

A model of a moſt curious Silk-reel, invented 
by Mr. Verrier near Wrington in Somerſetfbire. 

A large working model of a water- mill for law 
mg timber. 

A model of a hand-mill, for grinding corn. 

A model of a water-mill, for winnowing and 
grinding corn, drawing up the ſacks, and boult- 
mg the flour. 

A machine for demonſtrating that the power 
of the wind on wind mill fails, is as the ſquare 
of che velocity of the wind, 

A working model of the Engine by which the 
piles were driven, for a foundation to the piers 


ot Weſtminſter Bridge, 
III. 


A machine for ſhewing that Fluids weigh as 
much in their on Elements, as they do in Air. 
A machine for ſhewing that, on equal bottoms, 


the prefſure of fluids is in proportion to their 
perpendicular 


{ 10g ) 


perpendicular heights, be their quantities ever 
ſo great or ever ſo ſmall. 


A machine for ſhewing that fluids preſs equally 
in all manner of directions. 

A machine for ſhewing how an ounce of water 
in a tube may be made to raiſe fixteen- pound 
weight of lead. 

A machine for ſhewing, that, at equal heights, 
the ſmalleſt quantity of water will balance the 
greateſt quantity whatever, if the columns join 
at bottom, 

A machine for ſhewing how folid lead may be 


made to ſwim in water, and the lighteſt wood to 
fink therein. 


Machines for demonſtrating the Hydroſtatical 
Paradox. 

A machine for demonſtrating that the quantity 
of water diſplaced by a ſhip is equal to the whole 
weight of the ſhip and cargo. 

Machines for ſhewing the working of W 
and the Tantalus cup. 

A large machine for ſhewing the cauſe and 

henomena of ebbing and flowing wells, and of 
intermitting and reciprocating ſprings. 


IV. 


Machines for ſhewing, that when ſolid bodies 
are immerſed and ſuſpended in fluids, the ſolid 
loſes as much of its weight as its bulk of the fluid 


weighs; and that the weight loft by the ſolid is 
imparted to the flutd. 


A hydroſtatic balance, for ſhewing the ſpecific 


gravities of bodies, and detecting counterfeit 
gold or filver. 


A working 


( £6. ) 

A working model of Archimedes's ſpiral pump. 

Glaſs wa, for ſhewing the ſtructure and 
operations of ſucking, forcing, and lifting pumps. 

A working model of a quadruple pump: mill, 
for raiſing water by means of water turning a 
wheel. | 

A working model of the Fran wheel for 
raiſing water: and one of Mr. Blakey's Fire En- 

es. 
* working model of the Engine by whic wa- 
he | is raiſed from the Hungarian mines. 


(len here of the great Engine at Logdon 
Bridge that goes by the Tides, and raiſes water 


by forcing pumps. 
V, and VI. 


An Air- pump with a great apparatus belangin 
to it, for experiments ſhewing the weight ind | 
ſpring of the air. 

A wind-gun. 


VII. 


An Electrical machine with a large apparatus 
for ſhewing many experiments in Electricity. 

A fimple machine, by which all the principles 
of dialing are evident to fight. 

Several kinds of ſun dials. | 

A model of an aſtronomical Clock, ſhewin 
the apparent motions and tunes of riſing — 
ſetting of the Sun, Moon, and Stars; with the 
age and phaſes of the Moon, at all times. 

Another model of a Clock for ſnewing the ap- 


parent motions of the Sun and Stars, with the 
times 


6 Hi: 
times of their riſing and ſetting, and the Equa- 


tion of time. 


VII. 


A centripetal and centrifugal machine for ex- 
plaining and demonſtrating the laws by which the 
planets move, and are retained in their orbits; 
proving the diurnal and annual motions of the 
Earth: and ſhewing why the tides riſe equally 
high at the ſame time, on oppoſite ſides of the 


IX, X, XI, XII. 
A machine for ſhewing the motions of the 


comets. | 

An Orrery, ſhewing the real motions of the 
planets round the Sun, and round their axis: the 
apparent ſtations, direct and retrograde motions 
of Mercury and Venus, as ſeen from the Earth: 
the different lengths of days and nights, and all 
the viciſſitudes of ſeaſons : the motions and va- 
rious phaſes of the Moon; the harveſt Moon; 
the tides; the cauſes, times, and returns of all 
the Eclipſes of the Sun and Moon: the Eclipſes 
of Jupiter's ſatellites, and the phenomena of 
Saturn's ring. 


In London, any number of perſons, not leſs 
than twenty-five, who will ſubſcribe one guinea 
each, may have a courſe of twelve lectures read 
on the above mentioned machinery, provided 
they agree to have at leaſt three leftures a week; 

in 


| ( 112 ) 
in which, they may appoint the days and hours 


that ge moſt convenient for themſelves:  _ 
Within ten miles of London, any number not 

leſs than thirty, may have a courſe; each ſub- 

ſcriber paying one guinea. And, 

Within a hundr 


